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Low Concentrations of Deuterium Oxide and the Growth of 
Marine Diatoms. 


Denis L. Fox, EASTER E. Cupp AND GEORGE F. McEwen. 
From the Scripps Institute of Oceanography, Uniwersity of California, La Jolla. 


An early suggestion was made by Barnes and Jahn’* that if slight 
increases in the concentration of the heavy isotope of water should 
occur through fractionation during the slow sublimation of ice and 
snow masses, the extra traces of D.O might help to explain the 
increased reproductive activity of organisms in waters from frozen 
sources during the spring of the year. In view of this interesting 
suggestion, and because of the very contradictory reports regarding 
stimulative, retarding or inhibitory effects, or complete lack of in- 
fluence of heavy water solutions upon growing organisms or en- 
zyme systems (cf. Fox”), it seemed of interest to investigate care- 
fully the relative growth rates of some isolated cultures of marine 
diatoms in nutrient sea water alone and in the same medium to which 
had been added small amounts of (1) ordinary twice-distilled 
water, and (2) highly pure D.O. 

Fresh sea water, collected from the ocean in glass vessels, was 
passed through a Berkefeld filter candle of fine porosity; modified 


* P represents a preliminary, C a complete manuscript. 
1 Barnes, T. C., and Jahn, T. L., Quart. Rev. Biol., 1934, 9, 292. 
2¥Fox, D. L., J. Cell. and Comp. Physiol., 1935, 6, 405. 
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Miquels’ solution was prepared and added (Allen and Nelson*) 
and the final solution was heated to about 70°C. for 20 minutes, 
allowed to cool, and used as the culture medium. 

Nitgschia bilobata var. minor Grun. and N. closterium (Ehr.) W. 
Sm., the 2 species investigated, were isolated from sea water at 
La Jolla, and flourishing cultures were grown free from other algae, 
fungi, and protozoa, but no attempt was made to render them bac- 
terially sterile. 

The control series (designated as C in the tables) contained the 
organisms in the undiluted culture medium described; the second 
type of control (H) contained one percent of added twice-distilled 
ordinary water; and the D series contained instead one percent of 
added 99.2% D.O.+ 

Into each of the series of Pyrex Erlenmeyer flasks of 50 ml. 
capacity were introduced 10 ml. of the media; 0.1 ml. of the diatom 
culture was then delivered from a Mohr pipette into each vessel. 
All flasks were covered with glass plates (NV. closterium series) or 
stoppered with cotton plugs (NV. bilobata series) to retard evapora- 
tion during the course of the experiments. Both series of flasks 
were placed in straight rows upon a rack before a window with 
northern exposure; they received only diffused daylight, and care 
was exercised in placing them in such order that each member of 
successive groups occupied alternate relative positions with respect 
to one another (1. e., C.—H,—D, ; Ha—D.,—C, ; D; —C;—H,, etc. ). 
The original inoculation of the respective culture series was con- 
ducted in the same relative sequence in order to secure as nearly 
as possible the same conditions, on the average, for each series. 

With uniform conditions of light, temperature (room), relative 
quantities of solution and air in each vessel (all of which were of 
the same shape) and with care used in the selection and sampling of 
organisms which, at the stage of transfer, did not form persistent 
clumps, we considered that we had circumvented the common 
sources of avoidable error. 

At stated intervals of days, the cells in a set of flasks from each 
kind of culture in the series, were killed by the addition of a little 
formalin (7. e., a virtually constant volume of 4-5 drops added to 
each volume of 10.1 ml. culture, giving a uniform change of only 
about 2% ) and set aside to be counted after the dead cells should 

3 Allen, E. J., and Nelson, E. W., J. Marine Biol. Assn. of Utd. Kgd., 1910, 
8, 421. 


+ This heavy water of certified high purity was purchased from the Norsk 
Hydro-Hlektrisk Kvaelstoffaktieselskab, Oslo, Norway. 
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TABLE I. 
Growth of Nitzschia Bilobata var. Minor Grun, 
Days of Growth No. of Cells per ml. 
H C D 

0 9 9 9 
3 984 1278 426 
1206 678 576 

1518 1368 402 

3078 2508 1704 

6 3768 2526 2520 
4734 3650 3150 

3972 3426 2274 

3372 2484 2202 

9 6222 5310 4194 
5136 4260 4518 

4674 4866 2886 

5220 4722 4488 

12 4332 5718 4320 
4680 4278 4092 

4956 4098 4362 

5334 4440 3888 


Average cell length 634; width at widest portion of valve 5.5u. 

H—contained 1% of ordinary twice distilled water. 

C—unaltered. 

D—contained 1% of 99.2% Do20. 

Number of cells added initially to each flask (average of 8 counts, viz.: 
81, 85, 85, 92, 97, 105, 96, 82) — 90 cells per 0.1 ml. or 9 cells per ml. of culture. 


TABLE II. 
Growth of Niteschia Closterium (Ehr.) W. Sm. 
Days of Growth No. of Cells per ml. 
H C D 
0 368 368 368 
3 21,210 71,400 94,536 
11,550 45,000 71,280 
14,280 95,280 60,048 
Aver. 15,680 70,560 75,288 
5 138,600 71,040 324,144 
180,720 186,720 364,032 
303,360 264,960 325,440 
Aver. 207,560 174,240 337,872 
uh 511,200 497,088 527,040 
662,400 . 475,200 471,456 
514,080 331,200 569,376 
Aver. 562,560 434,496 522,624 


Aver. length 574 (length of region occupied by chloroplast 234); width at 
widest region 4.5y. 

Number of cells added initially to each flask (average of 6 counts, viz.: 
842, 312, 336, 498, 312, 408) = 368 cells per ml. 
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have become disengaged from clumped*aggregates. Counting was 
conducted with the use of a Sedgwick-Rafter counting cell, in ac- 
cordance with standard procedure. Tables I and II present the ex- 
perimental data. 

Although a general decrease in the number of cells per ml. with 
respect to “treatments” H, C, D, is indicated in Table I, the high 
variability between experiments within each group and the lack of 
complete uniformity in the indications requires special consideration. 
For this purpose the statistical method of analysis of variance 
introduced by Fisher and Mackenzie* was applied. For an elemen- 
tary explanation of this method and illustrative problems, see 
Snedecor.° With reference to this experiment, see especially his 
illustrative example 6, pages 40-45. Essentially, analysis of var- 
iance is a statistical technique for isolating the effects of known 
factors on the variability and estimating the residual experimental 
error. By calculating the variance or square of the standard devia- 
tion of the observations, grouped according to each of the known 
factors, and comparing each variance with the residual, and using 
Fisher’s probability tables, its statistical significance can be deter- 
mined. The computations relative to Table I are outlined in Table 
III. The residual or mean variance within classes, 417,000, is a 
measure of the experimental error. The standard deviation of one 
observation and of the difference between the averages of 4 ob- 
servations have the respective values V417,000= 645.0 and 
(V2/V4) 645.0 = 456, which can be used in the usual way for 
testing the significance of any differences. For testing the com- 
posite results of all differences, use the ratio of variance between 
means of treatment classes to the residual. The large value, 11.23, 
indicates a level much less than 1%, which is highly significant. The 
low value of the interaction, 46,849, as compared to the residual, 
indicates a very small differential in the response to treatment at 
different times; thus corresponding to a very consistent result. 

The same method applied to the observations in Table II showed a 
consistent response to the treatment, but a relatively high experi- 
mental error corresponding to a 5% level, which, although sug- 
gestive, is barely significant. 

Ewart® reports that very dilute heavy water (1 to 1.3 per 1000) 
seemed to exercise a retarding action upon the metabolism of non- 

4 Fisher, R. A., and MacKenzie, W. A., Agricultural Science, 1923, 18, 311. 


5 Snedecor, G. W., Variance and Covariance. 105 pages, Collegiate Press, Inc., 
Ames, Iowa. 1934. 


6 Ewart, E. J., Austr. J. Exp. Biol. and Med. Sci., 1935, 18, 9. 
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chlorophyllous plants in general, while it showed an accelerating 
effect upon chlorophyllous plants, or upon organisms without chlo- 
rophyll (yeast) or seeds of green plants (oats) whose dominant 
function is carbohydrate metabolism. 

Curry and Trelease’ found that the evolution of oxygen during 
photosynthesis by Chlorella in pure buffered D,O was 0.41 of that 
in the ordinary water buffered controls. They cite the work of 
Reitz and Bonhoeffer,® who calculated on the basis of chemical 
analysis velocity constants for the assimilation of both hydrogen 
isotopes by algae cultured in D,O and in ordinary water, finding the 
ratio of the constants to be about Kn/Ku= 0.43. Fox (op. cit.) 
and Fox and Craig® found that starch in which some of the H had 
been presumably exchanged for D was somewhat more readily 
hydrolyzed by an animal amylase. (See also similar results of 
Macht and Bryan.*°) Thorough studies of many such relatively 
isolated biochemical systems would seem to be the proper approach 
to the possible influences of heavy water upon complex integrated 
processes of metabolism. 


Summary. A consistent lag of about 16% (quotient of total mean 
into D mean, Table III) in the growth rate of Nitgschia bilobata in 
the dilute heavy water is unmistakably apparent from a survey and 
mathematical analysis of the data in Table I. 

The data in Table II show a trend of the opposite character, par- 
ticularly in the earlier times, but are not sufficiently numerous for a 
conclusive interpretation. Any effects must, therefore, be very 
slight. 

That heavy water may be without detected physiological effects, 
or may exert influences of either a stimulative or retarding char- 
acter is certain, but the situation is somewhat analogous to that of 
the hydrogen ion concentration in that the nature and extent of 
observed influences depend upon the organism or other biochemical 
system under investigation, the concentration of heavy isotope, and 
probably a host of other physical and chemical factors. 

Gratitude is expressed to the members of the 1934-35 Committee 
on Grants-in-Aid of the National Research Council, whose gener- 
osity toward the senior author’s project made possible the acquisi- 
tion of the heavy water. 

7 Curry, J., and Trelease, 8. F., Science, 1935, 82, 18. 

8 Reitz, O., and Bonhoeffer, K. F., Z. physik. Chem. A., 1935, 172, 369. 

9 Fox, D. L., and Craig, R., Proc. Soc. Exp. Bro. aND Mxp., 1935, 38, 266. 


10 Macht, D. I., and Bryan, H. F., Proc. Soc. Exp. Bion. anD Mep., 1936, 84, 
190. 
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While the problem arose in the physiological laboratory where 
other research on heavy water was being carried on, the identifica- 
tion and cultural isolation of the diatoms were the work of E. E. 
Cupp, of the Phytoplankton section here; she also made the popu- 
lation counts. G. F. McEwen, of the section of Physical and Dy- 
namic Oceanography, performed the mathematical analyses and 
wrote the discussion of their significance. 
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The Effect of Filtrates of Cl. histolyticum upon the Growth of 
Animal Tumors. 


Haroitp P. RuscH* AND WILLIAM S. PrEstTon. (Introduced by 
Walter J. Meek.) 


From the Departments of Physiology and Medical Bacteriology, Unwersity of 
Wisconsin. 


Connell* has recently reported a small series of cancer patients 
who, he believed, were benefited by the use of proteolytic enzymes, 
which were obtained by the growth of Cl. /wstolyticum upon tumor 
tissue. Torrey and Kahn’ had previously produced an enzyme by 
the growth of Cl. histolyticum on a 3 to 4% peptone meat infusion 
broth and following the injection of this material into the Flexner- 
Jobling rat carcinoma, reported a 50 to 75% cure. Parenteral in- 
jections were of no value. Des Ligneris,* in quoting some earlier 
work of his along similar lines, reports results of an entirely nega- 
tive character. Gye* was unable to confirm Connell’s results, using 
mice as test animals. 

The experiments here reported were done for the purpose of 
testing the effect of certain bacterial filtrates prepared according to 
the method of Connell upon the rate of growth of 2 animal tumors, 
whose characteristics are well known and thoroughly established. 
According to Connell’s statement, such solutions should contain 
proteolytic enzymes. 

Preparation of the bacterial filtrates. Three types of tissues were 
used separately as sources of media for the production of the fil- 


*Jonathan Bowman Cancer Research Fellow. 

1 Connell, Hendry, Canadian Med. J., 1935, 33, 364. 

2 Torrey and Kahn, J. Cancer Research, 1927, 11, 334. 
3 Des Ligneris, Brit. Med. J., Dec. 28, 1935, p. 1280. 
4Gye, Brit. Med. J., Oct. 19, 1935, p. 760. 
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trates: the viable portions of the Flexner-Jobling rat carcinoma, 
mouse sarcoma No. 180, and rat muscle, the latter serving as a 
control. These tissues were removed with aseptic precautions, and 
about 15 gm. of each tissue placed in separate Erlenmeyer flasks to 
which normal saline was added in the proportion of about 10 cc. to 
one gram of the tissue. The media were then inoculated with a 
pure culture of Cl. histolyticum and incubated at 37.5°C. under 
anaerobic conditions for from 4 to 6 days until the contained tissue 
had become disintegrated. The liquid contents of the culture were 
then filtered first through filter paper and then through Mandler 
candles, following which each was placed in a sterile container and 
kept in the refrigerator until used. 

The 3 different solutions obtained by this procedure will be re- 
ferred to as “rat tumor filtrate,” “mouse tumor filtrate,’ and “rat 
muscle filtrate.’ These solutions were given by one of 3 routes: 
intramuscularly (thigh muscles), intraperitoneally, or directly into 
the tumor in 0.5 cc. doses daily in rats and 0.2 cc. amounts every 
other day in mice, continuing until the animals died. In preliminary 
work it was found that larger, more frequent doses in mice would 
result in a loss of weight and early death due to toxicity. The rat 
tumor filtrate was given to rats and the mouse tumor filtrate to 
mice, except for 6 animals of each species, where cross injections 
were performed to test for specificity of the solutions. The rat 
muscle filtrate injected into the thigh muscles of the rats also served 
to detect any proteolytic action on normal tissue. In the rats in- 
jected directly into the tumor, only animals were used which had 
previously been inoculated with tumor material in 2 sites. Injec- 
tions were made into one tumor with the filtrate and with normal 
saline into the opposite one. 

Injections were begun only after the inoculated tumor cells were 
apparently established and by the size of the growing mass it could 
be more readily determined which tumors would be likely to grow 
and not regress spontaneously. This was about a week after the 
inoculation in the mice and about 3 weeks in the rats. All tumors 
were measured at weekly intervals. An inbred strain of mice, 
“C-57” (black) of Little, susceptible to sarcoma No. 180, and a 
closely inbred strain of stock rats having about an 85% suscepti- 
bility to the Flexner-Jobling carcinoma were the animals used. 

In vitro tests were done to test for proteolytic enzymes and for 
any specificity which they might have. Pieces of rat tumor, mouse 
tumor, and rat muscle were removed with aseptic precautions and 
placed in test tubes to which 5 cc. of one of the 3 filtrates was 
added. Five tubes were used for each test. These were then 
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placed in an incubator for one week and observed for tissue disin- 
tegration at the end of this time. : 

No inhibition in the rate of tumor growth was noted in any of 
the treated animals as compared with the controls except when the 
mouse tumor filtrate was given intraperitoneally to mice. Follow- 
ing this procedure, the tumor growth was halted, the mice lost 
weight, appeared toxic, and died in a few days. That the solution 
was toxic for normal animals was demonstrated by the fact that 
when somewhat larger doses, 0.4 cc., were given intraperitoneally 
to healthy mice, the animals died in from 2 to 6 days. No difference 
in the number and frequency of metastases were noted in the treated 
and control animals. 

The variation in length of life noted in the different experiments, 
except in the group mentioned in the preceding paragraph, is not con- 
sidered of any significance, because of the small number of animals 
used in each series. 

The early breakdown and necrosis which occurs in a tumor fol- 
lowing the injection of many types of solutions directly into it ap- 
peared to be much more severe in the tumors in which the solutions 
were given as compared with those in which normal saline was used. 
However, the tumors continued growing at parts not reached by the 
solution, and this finding could be determined only, in degree, by 
comparative observation. 

Sections of thigh muscles which had been injected with the solu- 
tions used were removed at autopsy and examined for histological 
changes. While evidence of inflammation was present in almost 
all, and infection in several, no evidence of a proteolysis could be 
observed by this method. 

In the in vitro tests for proteolysis, none of the tissues suffered a 
disintegration such as that noted in those in which Cl. histolyticum 
is growing. Only softening of the tissues in varying degrees was 
noted. This was probably due to autolysis, since it was not more 
pronounced than that seen in the saline controls. According to this 
method of testing, we were unable to demonstrate any enzymatic 
activity in the filtrate. 

Conclusions. The solutions prepared according to the method of 
Connell and tested upon mouse sarcoma No. 180 and the Flexner- 
Jobling rat carcinoma were without any effect in prolonging the 
life of the animals, in preventing or decreasing the number of 
metastases or in inhibiting the rate of tumor growth. 

Nore: Since this paper was written, Pommerenke (J. Am. Med. Assn., 1936, 


106, 1654) has reported results of a negative character in the use of similar 
bacterial filtrates tested upon the Brown-Pearce rabbit epithelioma, 
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Significance of Early Appearance of Neutralizing Substances 
in Poliomyelitis of Man.* 


Pau H. Harmon, Henry N. Harkins, JoHn J. FAHEY AND 
PETER M. WASBOTTEN. 


From the Division of Orthopedic Surgery, the Department of Surgery, 
University of Chicago. 


Although it has long been known that the serum of patients con- 
valescent from acute anterior poliomyelitis contains an antiviral 
substance, the fact that a similar substance is present in the blood of 
the majority of normal adults has been recognized only in recent 
years.»” By analogy to the known subclinical acquisition of im- 
munity against diphtheria, the assumption has been made that a 
similar mechanism is operative in poliomyelitis. Such a belief pos- 
tulates wide dissemination of the virus with a minor incidence of 
actual paralysis. Endocrine factors have been suggested in certain 
recent experiments.* However, another group of investigators* 
has been unable to reproduce the data of the first group. Further, 
the exact role that the poliocidal substances play in preventing in- 
fection under natural conditions and in recovery from the disease 
has not been elucidated, it having been assumed that these substances 
are the humoral expression of the immune state. One of us,* in 
collaboration with others, showed that occasional samples of con- 
valescent human serum were devoid of neutralizing substances, while 
Howitt’ found 80 of 141 samples taken weeks or months after an 
acute attack to be likewise without these substances. She attributed 
her findings to the fact that many of her patients received conval- 
escent serum therapy. 

In an effort to obtain further information upon the behavior of 

* Supported by a grant from the President’s Birthday Ball Commission for 
Infantile Paralysis Research. 

1 Shaughnessy, H. J., Harmon, P. H., and Gordon, F. B., Proc. Soc. Exp. 
Bion. AND Mzp., 1930, 27, 742; J. Prev. Med., 1930, 4, 463. 

2 Aycock, W. L., and Kramer, S. D., J. Prev. Med., 1930, 4, 189, 201; Fair- 
brother, R. W., and Brown, W. G. S., Lancet, 1930, 2, 895; Schultz, E. W., and 
Gebhardt, L. P., Proc. Soc. Exp. Bion. aND Mxp., 1931, 28, 409; Faber, H. K., 
J. Am. Med. Assn., 1931, 96, 935; Brodie, M., J. Hap. Med., 1932, 56, 507; 
Kolmer, J. A., J. Am. Med. Assn., 1935, 105, 1956. 

8 Jungeblut, C. W., and Engle, HE. T., J. Immumol., 1933, 24, 267; J. Hap. 
Med., 1934, 59, 43; J. Am. Med. Assn., 1932, 99, 2091. 

4 Hudson, N. P., Lennette, E. H., and King, E. Q., J. Hap. Med., 1934, 59, 543. 

5 Howitt, B. F., J. Infect. Dis., 1932, 51, 574; Personal communication. 
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the poliocidal substances following an acute attack of the disease, 
we have titrated the serums from patients obtained as soon as pos- 
sible after the onset of the acute disease and again after several 
months. Each of these serums has been mixed m vitro in several 
dilutions with 10 paralyzing doses of the virus (PMV) contained 
in a one percent centrifuged emulsion of glycerolated spinal cord 
removed from monkeys (Macaca mulatta) at the height of paraly- 
sis. Injection of the serum-virus mixtures intracerebrally into un- 
used rhesus monkeys was the indicator of unneutralized virus. 

The results of the experiments show that a majority of serums 
(12 of 14) contain the neutralizing substance quite early. Indeed, 
one patient, an adult, had a greater than average quantity of these 
substances even before becoming paralyzed. This observation ap- 
pears to be unique in that a person with poliocidal substances in the 
blood subsequently developed paralysis. Additional observations 
will have to be made to determine if this is a regular or an excep- 
tional phenomenon. Collateral determinations by the same serolog- 
ical technique on the serums of monkeys at various intervals during 
convalescence from the experimental disease have shown that polio- 
cidal substance is not demonstrable until the ninth to fourteenth day 
after the onset of paralysis and then only irregularly. In this light, 
the interpretation of the data assumes special significance. Al- 
though 8 of the 14 serums were taken 1 to 3 days after pooled 
convalescent human serum was given in treatment, it does not ap- 
pear likely, in view of the known low titre of such serums® that this 
quantity of poliocidal substance has been solely produced by passive 
transfer. Since these were all instances of sporadic poliomyelitis 
in a non-epidemic year, it is possible that these substances had been 
produced during a long incubation period. Against this assumption 
is the observation, the first upon record, of poliocidal substance 
being present in a patient in the preparalytic stage. 

Comparison of the titre of the neutralizing substances several 
months later showed one patient with none (under the conditions 
of these tests), many with a quantity identical with the first titra- 
tion and only a few (4 of 11) in which an actual increase was 
seen. These observations taken in conjunction with the inability 
of Kramer and Aycock’ to demonstrate an increase in the incidence 
of these substances in a child population from a community where 
abortive and clinical poliomyelitis was prevalent, casts doubt upon 


7 Kramer, S. D., and Aycock, W. L., Proc. Soc. Exp. Bion. AnD Mzp., 1931, 29, 
98. 


CARDIAC OuTPUT IN GRAVES’ DISEASE 587 


the importance of a single attack of poliomyelitis for the production 
of antiviral substance. 
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Oxygen Utilization, Cardiac Output, and Related Circulatory 
Functions in Graves’ Disease. 


SipNEY A. GLADSTONE. (Introduced by Edward Tolstoi.) 
New York City. 


The increased metabolic and circulatory rates in Graves’ disease 
have been subjected to repeated quantitative study. The relation of 
these two functions was indicated by Fick in 1870 and may be ex- 
pressed as follows: 

oxygen consumption (cc. of oxygen per min.) 
Cardiac Output = 
(liters of blood per min.) arterio-venous oxygen difference 
(ce. of oxygen per liter of blood) 
Although previous workers have uniformly reported an abnormal 
increase both in the cardiac output and the rate of oxygen consump- 
tion, there has been a definite disagreement regarding the arterio- 
venous oxygen difference, which represents the number of cc. of 
oxygen taken up by each liter of venous blood during its passage 
through the lungs, or the average number of cc. of oxygen given 
off by each liter of arterial blood during its passage through the 
several tissues. It is the arterio-venous oxygen or A-V difference 
which is measured by the various foreign gas methods subsequently 
mentioned, the cardiac output being calculated from the quotient 
indicated above. Thus Liljestrand and Stenstrom,* using the for- 
eign gas method of Krogh and Lindhard, and Bansi,’ using the 
indirect Fick methods of Haldane and Christenson and of Redfield, 
Bock, and Meakins found the A-V (arterio-venous oxygen) dif- 
ference decreased below normal. Fullerton and Harrop* and Booth- 
by and Rynearson,* using the foreign gas method of Marshall and 
Grollman found no significant change in the A-V difference in 
Graves’ disease as compared to normal. It is important to attempt 
to settle this disagreement for 3 reasons. First, the cardiac output 

1 Liljestrand, G., and Stenstrém, N., Acta Med. Scand., 1925, 68, 99. 

2 Bansi, H. W., Z. fiir klin. Med., 1929, 110, 633. 

8 Fullerton, C. W., and Harrop, G. A., Bull. Johns Hop. Hosp., 1930, 46, 203. 

4 Boothby, W. M., and Rynearson, HE, H., Arch. Int. Med., 1935, 55, 542. 
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is indirectly proportional to, and is caltulated from, the A-V dif- 
ference. Secondly, the normal or abnormal utilization of oxygen 
in the tissues may throw light on the nature of the metabolic dis- 
turbance in Graves’ disease. Thirdly, the settlement of this disa- 
greement may indicate the comparative reliability of the methods 
used in determining the arterio-venous oxygen difference and cardiac 
output. 

In the present study, the A-V difference and cardiac output have 
been determined under basal conditions in 4 subjects with Graves’ 
disease, using the foreign gas method as modified by Gladstone.° 
To allow for the subnormal vital capacity, the volumes of the gases 
inhaled were reduced and instead of attempting to wash out the 
dead space, which becomes difficult when the vital capacity is re- 
duced, 2 mixing breaths into the front rebreathing bag were taken 
before drawing the first sample, and 2 more breaths before drawing 
the second sample. Each sample was drawn at the end of expira- 
tion. Each respiratory cycle took 2.5 seconds (the breathing and 
sampling being guided by the spoken directions of an accurately 
timed phonograph record) so that the test was completed in 10 
seconds, The bag contents were as follows: 


Side Bag Front Bag 
400 ce CoH. 120 ce 
CO, 55 
100 Oo 
500 air 825 


The findings are summarized in Table I. To check the adequacy 
of the mixing procedure an additional sample was drawn simultan- 
eously with the first alveolar sample but from the distal end of the 
front rebreathing bag. The A-V difference calculated from the 
additional sample paired with the conventional second sample will 
show a deviation determined by the errors due to gas analysis and 
possible inadequate mixing. The sum of the last 2 errors, however, 
does not exceed that due to gas analysis alone. One may assume, 
therefore, that the mixing is adequate. 

Previous studies® have indicated that recirculation of the foreign 
gas in appreciable amounts occurs at 10 seconds or promptly there- 
after in the rebreathing procedure described. Since such recircula- 
tion would increase the calculated A-V difference an additional 
sample was drawn at the end of the fifth breath, 7. e., after 12.5 
seconds of rebreathing, and that sample paired with the conven- 
tional first sample. The values thus obtained are erroneously high 
due to the large error of recirculation. 


5 Gladstone, 8S. A., Proc. Soc. Exp. BioL. AnD Mezp., 1935, 32, 1321. 
6 Gladstone, S. A., Proc. Soc. Exp. Bron. AND Mep., 1935, $2, 1319. 
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TABLE I. 
Metabolic and Circulatory Functions in Graves’ Disease. 
Blood g 8 
Pressure 2 a ve 
i>) . Pc 
; | 4 Sage t= 
why Pra ieee 
Ease ihe Seige.) enone Od. Ste 
gs 8 he tat, eerie ae eee 
saeticie Se aan B Me F eer ee iS 
ir ton ag gph ar ae I i, Ge i ea sen lg 
Mead) so es a A, 3 Oo8 4 0b ws & 5 
Wee 3d co Meet ON (6905 78 LTO DO 2682 | e228 Bb 76 07) 60 
M.O. 22 F 100 61 68 110 60 240 BON Poo a ue O.ou aah OO 
DO 2558 102 63 98 95 48 214 L6H 2319718190) Oi oT 47 
DePe woo eo en 68) L022 cL 3 0u ZONs Soi 60). °38,3)4\09,5 8 98)) 60 
Aver. Graves’ 92 113 58 Ba B40" 8b 88) be 
Aver. normal? SO LOM e275 53.6 42 70 32 
% change +56 +6 —23 +33 —37 +93 +26 +69 


TABLE II. 
To Demonstrate Adequacy of Mixture (B) and Effect of Undue Prolongation (C) 
on the A-V Difference Obtained by the Method Described (A). 


A B Cc 
35.4 35.2 
38.2 41.7 48.7 
23.9 27.5 43.5 
38.3 49.1 
Average 34.0 35.1 47,1 


Column A indicates the values for the A-V difference obtained by the method 
described in 4 cases of Graves’ disease. Column B indicates the values obtained 
when the first sample is drawn from the distal end of the bag. Column C indicates 
the values obtained when the last sample is drawn at 12.5 seconds. 

The agreement in columns A and B indicates the adequacy of the mixing pro- 
cedure. The increase in column C demonstrates the effect of the error due to 
recirculation of the foreign gas when the rebreathing procedure is unduly pro- 
longed. 


To estimate the nature and extent of the deviation from normal 
in the several functions studied, the average results may be com- 
pared with the averages obtained in 6 nomal young men who have 
been studied under the same conditions, 7. e., fasting, at rest, rectuum- 
bent in a deck chair for 2 hours.’ The hyperactivity of the circu- 
lation in Graves’ disease becomes even more striking when one con- 
siders that the subjects of the normal group weighed about 40% 
more than the hyperthyroid patients that were the subjects of the 
present study. In the 4 cases of Graves’ disease studied on the 
average the B.M.R. is increased by 33%, the A-V difference is de- 
creased by 37%, the cardiac output is increased by 93%. 

It is apparent that the cardiac output and systolic output are in- 


7 Gladstone, 8. A., Am. J. Physiol., 1935, 112, 705. 
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directly calculated from the A-V difference, the accuracy of which 
will determine the reliability of the quantitative functions calculated 
from it. In Graves’ disease as compared with normal subjects, Ful- 
lerton and Harrop® as well as Rynearson and Boothby* reported no 
significant change in the A-V difference. Liljestrand and Sten- 
strom’ reported a decrease of about 20%. Bansi” reported a de- 
crease of 33%,* 1. ¢., 55 cc. for the normal A-V difference, 37 cc. 
in Graves’ disease. The present findings are in close agreement 
with those of Bansi, being 53.6 for the normal A-V difference and 
34 cc. in Graves’ disease, representing a decrease of 37%. Rynear- 
son and Boothby have discussed this discrepancy and have explained 
it as a possible effect of iodine therapy in their patients. Since the 
first 3 of our patients had received iodine, the consistent finding of 
a low A-V difference would tend to invalidate that explanation. 
Recent studies® of the foreign gas method have indicated that after 
10 seconds of rebreathing of a foreign gas under the conditions of 
the test, appreciable amounts of gas return to the lungs in the recir- 
culated blood and retard the diffusion of the gas from the lungs 
into the blood. When the rebreathing extends beyond 20 seconds 
as in the Marshall-Grollman procedure used by Fullerton and Har- 
rop as well as by Rynearson and Boothby, the errors become 
large enough to render the method insensitive and unreliable. The 
procedure of Krogh and Lindhard as used by Liljestrand and Sten- 
strom is definitely shorter in duration (about 15 seconds) and in- 
cludes a period of 10 seconds during which the breath is held. 
These considerations, as well as the finding by Liljestrand and 
Stenstrom that the A-V difference is somewhat decreased in Graves’ 
disease, suggest that the error due to recirculation of the foreign 
gas is possibly present but is not nearly so great as in the Marshall- 
Grollman procedure. 

In addition to subserving the metabolic needs of the tissues, the 
blood also acts as part of the cooling system for dissipating heat, 
especially through the skin capillaries. This purely physical func- 
tion of the blood does not involve a loss of oxygen. The venous 
blood coming from the dilated capillaries of a hot skin will have a 
high oxygen content, will tend to increase the oxygen content of 
the mixed venous blood and will accordingly decrease the A-V dif- 
ference, as has been found in these patients with Graves’ disease. 


8 Grollman, A., The Cardiac Output of Man in Health and Disease. Baltimore, 
1932. 

9 Gladstone, 8. A., Cardiac Output and Arterial Hypertension. New York, 
1935. 
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Since the precise nature of the underlying metabolic disturb- 
ance of Graves’ disease is as yet unknown, the relation between it 
and our present findings is undetermined. It has been found that 
hyperthyroid patients require more oxygen to perform a given 
physical task than normal subjects.*? These findings as well as our 
own suggest that in Graves’ disease a disproportionate amount of 
the energy available to the organism is dissipated as heat, and 
that Graves’ disease may not be looked upon merely as a quick- 
ening to the same relative extent of all metabolic functions, but 
represents a different level of dynamic equilibrium, with an excess 
of certain exothermic catabolic oxidations, or a relative decrease in 
certain endothermic anabolic changes. 

Summary. In 4 cases of Graves’ disease with an average basal 
metabolic rate of +33%, the arterio-venous oxygen difference was 
found to be decreased by 37%. The average cardiac output was 
8.1 liters per minute compared to a normal of 4.2, representing an 
increase of 93%. The relation of the present findings to those pre- 
viously reported, to the question of method of cardiac output deter- 
mination, and to the possible nature of the underlying metabolic dis- 
turbance in Graves’ disease is briefly discussed. 


8711 P 


Barbiturate-Coriamyrtin Antagonism. 


A. H. Matoney. (Introduced by G. B. Roth.) 


From the Department of Pharmacology, Howard University School of Medicine, 
Washington, D. C. 


At the time when we established the antidotal action of picro- 
toxin on the barbiturates* we indicated our intention of investigating 
the action of other picrotoxin-like substances. This paper reports 
the antidotal action of coriamyrtin in rabbits subjected to lethal 
doses of amytal, pernoston and nembutal. 

The same method of procedure was followed in this work as in 
our early investigations of picrotoxin.»* The animals were given 


10 Boothby, W. M., and Sandiford, S., J. Am. Med. Assn., 1923, 81, 795. 

1 Maloney, A. H., Fitch, R. H., and Tatum, A. L., J. Pharm. and Exp. Therap., 
1931, 41, 465. 

2 Maloney, A. H., and Tatum, A. L., J. Pharm. and Exp. Therap., 1932, 44, 
337. 
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single lethal doses of the barbiturate inmincreasing increments up to 
the limit of effective therapeusis and as soon as narcosis occurred 
coriamyrtin was administered in fractional doses at intervals P.R.N. 

The initial dose of coriamyrtin was so graded as to elicit a mild 
state of reflex stimulation, evidenced by an increased rate of respi- 
ration and a manifestation of such gross reflexes as the whisker 
twitch, winking and (or) nystagmus, jerking movements of the 
limbs and ears, and coarse body tremors. Great care was taken in 
the lower barbituratized groups to grade the initial dose of coria- 
myrtin so as to avoid throwing the animal into violent convulsions. 
Mild seizures in such cases are inconsequential and pass off within 
a few minutes. When the respiration rate became slow again and 
the gross reflexes disappeared, to determine the degree of depression 
pinching the tip of the tail or ear was done. This served as an 
index for the quantitative estimation of the succeeding dose of 
coriamyrtin. Our technique was to try to maintain such a degree 
of sensitivity as to elicit a reaction of resistance to this mechanical 
mode of stimulation at all times. This procedure was repeated 
until the effects of the barbiturate were palpably beginning to wear 
off, as evidenced by the persistence of the induced hypersensitivity. 
The barbiturates were administered intraperitoneally as a 5% 
aqueous solution while the coriamyrtin was injected intravenously 
as a 0.1% solution. 

Preliminary experiments to determine the pharmacodynamic ac- 
tivity of our sample of coriamyrtin showed that the glucoside has a 
minimal convulsive potency of 0.14 mg./kg., and a mini- 
mal lethal potency of O40 wmg./kg., both intravenously, 
in the rabbit. In most instances 75% of the normal lethal intra- 
venous dose was adequate to produce initial stimulation in the ani- 
mals subjected to the lower ranges of the barbiturate dosages. 
However in the higher levels we have frequently had to give 1.5-2 
mg./kg. as a single first dose to initiate the desired stimulatory 
effects. 

With amytal sodium 100% recoveries were obtained up to a little 
more than 1.5 beyond the M.L.D. (150 mg./kg.). At twice the 
M.L.D. 33.3% recovered. This dosage bordered on the upper limit 
of effective therapeusis. The antidotal ratio of coriamyrtin and 
amytal for the total number that recovered was 1 :43.4 

Coriamyrtin was 100% effective against 1 and 1.3 times the 
M.L.D of nembutal. At 1.7 times the M.L.D. its efficiency was 
80%. Beyond this level, however, we were unable to save any 
animal, 3 trials each having been made with doses of 125 mg./ke. 
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(1.9XM.L.D.), 150 mg./kg. (2.4XM.L.D.), and 200 mg./kg. 
(3.1XM.L.D.). The antidotal ratio of coriamyrtin and nembutal 
for the total number of survivals was 1:20.55. 

In the pernoston series 70% recovered at a dosage slightly above 
the M.L.D. (1.2) and 60% recovered at a dosage 2.1 times the 
M.L.D. This dosage level represented the upper limit of effective 
therapeusis. The results in this series corroborate our previous 
observations® of the wide range of therapeutability of pernoston as 
compared with the non-halogenated barbiturates. The antidotal 
ratio of coriamyrtin and pernoston for the total number of survivals 
was | :34.6. 

The action of coriamyrtin is as quick as that of picrotoxin but 
is of much shorter duration. This necessitates constant surveil- 
lance of the severely poisoned animal and the prompt administration 
at rather frequent intervals of small fractional doses of coriamyrtin 
as soon as indicated. Further detailed studies are in progress on 
coriamyrtin and tutin. 

We wish to express appreciation to the Eli Lilly Research Labora- 
tories for supplying amytal and coriamyrtin, the Abbott Labora- 
tories for nembutal and the Riedel de Haen Company for pernoston 
used in this study. 
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Poliomyelitis Histology in Rhesus Monkeys: Virus Introduced 
Via Gastrointestinal Tract.* 


Joun A. TooMEy. 


From the Department of Pediatrics, Western Reserve Unwersity, and the 
Dwision of Contagious Diseases, City Hospital, Cleveland, O. 


When poliomyelitic virus was injected intracerebrally into M. 
rhesus monkeys no histologic evidence of its presence was observed 
in sections of tissues from the central nervous system until at least 
3 days (usually 4 days) had elapsed following the injection. This 
corresponded to the time when symptoms of the disease began to 
appear. When virus was injected directly into the median nerves 


8 Maloney, A. H., J. Pharm. and Exp. Therap., 1933, 49, 133. 

* Aided in part by a grant received from The President’s Birthday Ball 
Commission for Infantile Paralysis Research. 

1 Fairbrother, R. W., and Hurst, E. W., J. Path. and Bact., 1930, 83, 17. 
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of 6 animals with or without irritation of the nerves, no histologic 
evidence of its presence was found on the proximal side a scant inch 
beyond the injection. When Fairbrother and Hurst* injected virus 
into the sciatic nerve, there was a local reaction, but the nerves were 
negative a short distance beyond the injection. This observation 
was confirmed by us in 3 animals. Thus, there is an interval 
elapsing between the injection of virus and the onset of symptoms 
of the disease. It is clear that the approximate interval after in- 
jection before symptoms appear and the length of time before 
there is histologic evidence of the disease probably coincide. 

During the summer of 1935 44 animals were injected subserosally 
in the manner previously described.” Sections of the central ner- 
vous system were cut, stained in various ways and studied. It was 
found that, after the introduction of the virus by way of the gas- 
trointestinal tract, histopathologic evidence of disease was regularly 
found in the lumbar area of the cord within 24 hours after injection. 
The first reaction seen was destruction of neurons in the cord. 
Marked increase in microglial elements (Wickman’s Polyblasts) fol- 
lowed so soon after this reaction that it seemed to be almost coin- 
cidental. In from 3 to 4 days increase and dilatation of capillaries 
began. In many animals, neuronophagic plaques surrounded practi- 
cally all of the cells in a field, and, in others, this change was ac- 
companied by the usual perivascular cuffing and round cell infil- 
tration, which never occurred prior to the 5th day after injection. 
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Significance of Carbohydrate Metabolism and Local Acidosis 
in Inflammation.* 


VALY MENKIN AND CHARLOTTE R. WARNER. 
From the Department of Pathology, Harvard University Medical School, Boston. 


Earlier studies by one of the writers have indicated that the 
cytological sequence in inflammation, characterized by primary 


2 Toomey, John A., Proc. Soc. Exp, BioL. AND Mz=p., 1934, $1, 1015. 

* Read before the American Association of Pathologists and Bacteriologists, 
April 9, 1936. 

Aided by grants from the Wellington Research Memorial Fund, the Permanent 
Charity Fund of the Harvard Medical School, and the Committee on Scientific 
Research, American Medical Association. 


595 


CARBOHYDRATE METABOLISM IN INFLAMMATION 


86 3 G9 Chl TL16 LYt LV& 9°8ET 00: LOT 
86 6 9 ta 9°8h% V8E v9 98ST 00:STT (Aep pxryy wo 
gs ST go 8HL Sgel 61 6ST 318 gT:96 —- peyoefutez) 
93 ol el 8 L 816 O'9oT SOIT GPL 00:89 02 06 
ST g8 eh SPL 013 Ost 6 LS 6 TIT OL: LP 
renyjooe AToAT} EPO yl cyl 97S SOL 0°96 T'88 OT: 6T 
as a at GL ee =e eee 0°00T 0+0 00 GT 3-6 
soyfooseyd  suBoyo oyepuxy poold eyepnuxy poolrd eyepnxy poorg “SUTUL: "SIT poqoolutr “ON 
qegpnu -nuoydiou LoTeUMEpUr zo outyuediny 20 
-ouom jo % -sjod Jo % Hd “09 QOT/dul "09 0OL/*sun moryeinp [ejo], Fo yunoury 
Pry oe resng 
eyepnxg jo AsopoysD 


‘TI Wav 


“LOTVMUIBpUy eyNoV Ur sip yeorsojoyAQ oy} pus stsfjook~D usemyoq drysumoryEpy OUL 


596 CARBOHYDRATE METABOLISM IN INFLAMMATION 


infiltration of polymorphonuclear leucocytes followed by mono- 
nuclear phagocytes, seems to be conditioned by the local hydrogen- 
ion concentration of the exudate. With the developing local acid- 
osis in an area of inflammation polymorphonuclear cells degen- 
erate and are replaced by macrophages. If the pH is maintained 
above 7.0 the polymorphonuclear cells predominate. The cytological 
picture can be fairly well predicted from the pH of the exudate 
and vice-versa. In many cases the pH changes appear to precede 
the cytological shift which, however, invariably follows. Further 
studies show that the mechanism of local acidosis in inflammation 
is referable to a disturbance of local carbohydrate metabolism. 
With impairment in the local circulation, as indicated by lymphatic 
blockade and thrombosis of small vessels, it is conceivable that a 
state of relative anoxemia develops.” Anaerobic glycolysis follows. 
Lactic acid is found to increase two to fourfold as the inflammation 
progresses. The sugar in the exudate correspondingly falls sharply, 
revealing a conversion into lactic acid. Most of the inflammatory 
exudates studied were induced by the injection of small amounts 
of turpentine, administered sometimes in divided doses, into the 
pleural cavity of dogs. With the progress of the inflammatory 
reaction the local alkali reserve soon becomes depleted, as deter- 
mined by the volume percent of CO, content. An uncompensated 
acidosis follows; the volume percent of CO, falling in some in- 
stances from 40 to 29 and even to lower levels. The pH falls and 
the polymorphonuclear cells are replaced by macrophages. Below 
a pH of 6.8 or 6.7 most types of leucocytes are damaged and frank 
pus results. The observations indicate that the cytological picture in 
inflammation seems to be conditioned by the pH, which in turn is 
referable to the increased rate of glycolysis and the local depletion 
of the alkali reserve. These studies have obvious implications in 
regard to the factors determining various histological manifesta- 
tions of inflammatory lesions. Their bearing on the mechanism 
of suppuration is likewise evident and is being studied in the case 
of lesions induced by various pyogenic and non-pyogenic organ- 
isms. The present conclusions are based on results obtained with 
7 dogs. For the purpose of illustration a type experiment is pre- 
sented in Table I. The details of this investigation will form the 
subject of a separate communication. 


1 Menkin, V., Am. J. Path., 1934, 10, 193. 
2 Menkin, V., Arch. Path., 1931, 12, 802. 
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Effect of Certain Sulfur Compounds on Coagulation of Blood. 


J. H. STERNER AND GRACE MEDEs. 


From the Medical Service of the Lankenau Hospital and the Lankenau Hospital 
Research Institute. 


The initial observation of Mueller and Sturgis’ that cysteine in- 
hibits the coagulation of whole blood in vitro has since been con- 
firmed and elaborated by Carr and Foote,” who suggested that the 
delay in coagulation might be due to certain changes which they 
observed in the physical state of the fibrinogen. Ktthnau and Mor- 
genstern,® working with glutathione, also described inhibition of 
coagulation within a certain range of pH. Since the mechanism 
of the reaction has not been explained, the experiments reported 
here have been undertaken. Three lines of investigation have been 
carried out: 

1. Invivo experiments in human subjects. Cysteine and methio- 
nine, ingested and injected intravenously in amounts varying from 1 
to 3.5 gm., prolonged the bleeding time as indicated by the Ivy 
method from a 4 minute upper limit of normal to 15 minutes (meth- 
ionine, 1.31 gm. intravenously) and delayed the coagulation time 
as shown by the 8 mm. tube method, from an 8 minute upper normal 
to 16 minutes (cysteine, 1 gm. intravenously and methionine, 1.31 
gm. intravenously ). 

2. In vitro experiments with whole blood. Cysteine hydrochlo- 
ride, taurocholic acid, taurine, methionine, glycine, alanine and 
cysteic acid, neutralized to pH 7, were added in graded amounts 
giving final concentration of from 4.4X10° M to 0.18 M, and the 
coagulation time was determined by the 8 mm. tube method. Gly- 
cine, alanine and cysteic acid did not retard coagulation. Methio- 
nine, in contrast to its behavior im vivo, also had no effect in delay- 
ing coagulation. Cysteine produced a significant effect at a 0.046 MW 
concentration, with a coagulation time of 18 minutes. At 0.18 M 
concentration, the coagulation time was 53 minutes. Taurine showed 
a definite effect at 0.023 M concentration (16 minutes), with a 90 
minute coagulation time at 0.18 M concentration. Taurocholic acid 
produced a significant effect at 0.011 M concentration (34 minutes), 

1 Mueller, J. H., and Sturgis, S., Science, 1932, 75, 140. 


2 Carr, J. L., and Foote, F. 8., Arch. Surg., 1934, 29, 277. 
3 Kihnau, J., and Morgenstern, V., Z. physiol. Chem., 1934, 227, 145. 
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with no coagulation during 24 hours ifi concentrations of 0.023 to 
0.18 M. 

3. In vitro experiments with isolated components of the blood 
clotting system. The components of the coagulation system were 
isolated by the following methods: Prothrombin was prepared 
from horse, rabbit and human plasmas by the method of Mellanby.* 
Fibrinogen was repeatedly salted out from horses’ plasma with 
sodium chloride (Eagle’). The tissue factor was obtained from 2 
sources, (a) platelet suspension (Eagle*), and (b) desiccated rabbit 
lung (Eagle*), by drying in the Flosdorf-Mudd desiccator.* Cal- 
cium was added as 1% CaCl. The pH was controlled at 7.0 + 0.1 
with brom thymol blue as indicator. From a stock solution of 
cysteine hydrochloride, freshly prepared immediately before using, 
and adjusted to a pH of 7.0+ 0.1, a series of dilutions was made. 
In a typical experiment the following amounts of the various con- 
stituents were used: prothrombin solution, 0.8 cc.; CaCl: solution, 
0.01 cc.; platelet suspension, 0.02 cc. or approximately 2 mg. of 
desiccated rabbit lung; fibrinogen solution, 0.8 cc. When cysteine 
was added to the system, 0.4 cc. were used and 0.4 cc. of physiolog- 
ical salt solution added to the controls. 

Cysteine, added to the coagulation system before the formation 
of thrombin had an inhibiting effect similar to that in the whole 
blood experiments. This inhibiting effect was constant regardless 
of the length of time allowed for the formation of thrombin. When 
thrombin, formed by the interaction of prothrombin, tissue factor 
and calcium, was subjected to cysteine in the higher concentrations 
given above, only a slight inhibiting effect was produced. 

Each of the elements was then subjected separately to the action 
of cysteine and subsequently freed from traces of cysteine by suitable 
methods. No effect on the rate of coagulation was produced by the 
action of cysteine on (a) fibrinogen, (b): platelet suspension, or 
(c) platelet suspension plus calcium. When prothrombin was acted 
upon by cysteine in 0.4 M concentration, the coagulation time was 
540 minutes, in 0.2 M concentration the coagulation time was 28 
minutes and in 0.1 M concentration, 5 minutes and 5 seconds. In 
the control tube coagulation occurred in one minute and 20 seconds. 
When sodium hypophosphite was employed in place of cysteine in 

4Mellanby, John, Proc. Roy. Soc. Lond., 1931, B, 107, 271. 

5 Kagle, Harry, J. Gen. Physiol., 1934-5, 18, 531. 

6 Eagle, Harry, personal communication. 


* The authors are indebted to Dr. Flosdorf of the University of Pennsylvania 
for use of their desiccator and to Sharpe and Dohme for horse blood. 
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equimolar concentrations, no inhibition of the coagulation was 
detected. 


8715 P 
Hypophysis-Thyroid-Gonad Relationship.* 


SAMUEL L. LEONARD. 
From the Biology Department, Union College, Schenectady, N. Y. 


Thyroidectomy in male and female rats will increase the effect- 
iveness of crude hypophyseal gonad stimulating extracts but the 
removal of this gland will not increase the effectiveness of pregnancy 
urine or pregnancy mare serum extracts (Smith,* Schockaert,” 
Fluhmann,*® Leonard and Hansen*). Since Fluhmann® showed that 
thyroid feeding in rats decreased the effectiveness of both types of 
gonad stimulating hormones (hypophyseal and pregnancy urine), 
he suggested that the thyrotropic principle, present in the crude 
hypophyseal extracts, induced a hyperthyroid condition in the nor- 
mal rats, which made the gonad stimulating hormone less effective. 
Pregnancy urine, not possessing a thyrotropic factor, was equally 
effective in normal and operated animals. This report will show 
that follicle stimulating hormone from hypophyseal or urinary 
sources and free of the thyrotropic hormone is more effective in 
the absence of the thyroid. 

Immature female rats 24 to 26 days of age were thyroidecto- 
mized and injected with extracts of the urine of castrate women 
and of a man with a testis tumor, for 8 to 9 days. A similar num- 
ber of control rats received only injections of the hormone. An- 
other group of operated and control rats were treated with hypo- 
physeal follicle stimulating hormone, prepared by Drs. Fevold 
and Hisaw,} for 5 to 6 days. None of the extracts were found to 
contain a thyrotropic factor when tested on young guinea pigs or 
hypophysectomized rats in the doses given. The ovaries and uteri 
were weighed at autopsy. More than 50 rats were used in these 

* Aided by grants from the Rockefeller Foundation. 

1 Smith, Sex and Internal Secretions, 1932, Ed. by Allen. 

2 Schockaert, Compt. Rend. Soc. Biol., 1931, 108, 431. 

3 Fluhmann, Am. J. Physiol., 1934, 108, 498. 

4 Leonard and Hansen, Anat. Rec., 1936, 64, 203. 


+ Acknowledgment is made to Doctors Fevold and Hisaw for their kindness 
in preparing the pituitary follicle stimulating hormone. 
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experiments and only representative experiments are given in 
Table I. 


TABLE I. 
Effect of Thyroidectomy on the Action of Follicle Stimulating Hormone. 


Ay. Ovarian Avy. Uterine 


Wt., mg. Wt., mg. % difference 

No.of No. of ——_— ——— ———— 

Rats Days Amt. of Hormone Exp. Cont. Exp. Cont. Ovary Uterus 

13 6 F.S.H. .33 ec. 42.0 30.4 141.5 90.8 38.1 55.8 

5 9 Testis tumor 49.0 18.8 153.6 65.5 160.6 134.5 
equiv. of 100 ce. urine 

5 8 Spayed woman 39.0 25.6 121.0 42.4 52.3 185.3 


equiv. of 100 ce. urine 


From the results in Table I it is seen that the follicle stimulating 
hormone prepared from the hypophysis and urine and free from the 
thyrotropic hormone is more effective in the absence of the thyroid. 
The ovaries are from 38.1% to 160.6% heavier and contain only 
follicles. The larger ovaries in the thyroidectomized rats produce 
greater amounts of female sex hormone as the uteri of the thyroid- 
ectomized animals are from 55.8% to 185.3% heavier than those 
of the control. 

Since pregnancy urine was previously shown to be equally effect- 
ive in normal and thyroidectomized rats, it is concluded that the 
presence of the thyroid gland inhibits or prevents, to a certain 
degree, the action of the follicle stimulating hormone but does not 
prevent the action of pregnancy urine hormone (a luteinizer). Thus, 
the thyroid gland has a differential effect in inhibiting two types 
of sex stimulating hormones, a follicle stimulator from the hypo- 
physis and urine and a luteinizer from urine. 

It has been previously shown that the addition of thyrotropic hor- 
mone to pregnancy urine will not inhibit the effect of pregnancy 
urine (Leonard, Hisaw and Fevold’). It would seem from this 
fact that the increased effectiveness of a crude hypophyseal extract, 
containing both thyrotropic and follicle stimulating hormone, in 
the thyroid-less rat, is due, at least in part, to the enhanced effect- 
iveness of the follicle stimulating hormone present. 


5 Leonard, Hisaw and Fevold, Proc. Soc. Exp. Biot. AND Mzp., 1935, 33, 319. 
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Effect of Local Ischemia upon Human Nerve Fibers in vivo.* 


I. MACLAREN THOMPSON AND H. STEWART KIMBALL.}  (Intro- 
duced by David M. Greenberg.) 


From the Division of Anatomy, University of California Medical School, Berkeley. 


In each experiment ischemia was induced in the forearm and 
hand by inflating to a pressure of about 160 mm. Hg. a Riva-Rocci 
sphygmomanometer applied above the elbow. The median, ulnar 
or radial nerve was stimulated at the wrist by an alternating current 
of 160 cycles per second, using the generator and electrode de- 
scribed by Thompson et al.*; the minimal current (expressed as 
ma Xv) evoking sensation was recorded as an indicator of the 
threshold for stimulation of sensory fibers. A threshold reading 
was taken every 2 minutes after inflation of the sphygmomanom- 
eter, for about 16 minutes. 

Thirteen such experiments were performed, involving 4 subjects. 
The results are exemplified in the following experiment, wherein 
the right radial nerve was stimulated; the first figure of each pair 
denotes the number of minutes after the induction of ischemia, the 
second figure is the threshold at that time: 0, 5.5; 2, 7.2; 4, 5.2; 
6528" 8.24510; 1.1: 12.0.8; 14; 1.6: °16;)11.5.. In-every experi- 
ment there was, on the whole, a rapid and progressive lowering of 
the threshold for about the first 12 minutes. The average fall in 
threshold per unit of time significantly exceeded the corresponding 
value in each of 4 groups of control experiments; the most im- 
portant group consisted of 14 experiments wherein nerves were sim- 
ilarly stimulated proximal to a sphygmomanometer arresting the 
circulation. In 5 of the 13 instances the threshold drop progressed 
throughout the duration of the experiment; but on 8 occasions 
(though in no control experiment) there was a terminal rise (ex- 
emplified above) to values equalling or exceeding the initial figure. 
We infer that the ischemia of the nerve first increased and later 
diminished the irritability of those fibers first stimulated by a current 
increasing from zero. 

These results confirm the opinion of Lewis, Pickering and Roths- 
~~ * Aided by a grant from the Board of Research of the University of California. 

+ Mr. Kimball’s share in this work was incorporated into his M.A. thesis, 
deposited in the Library of the University of California. 


1 Thompson, I. M., et al., Univ. Calif. Publ. Anat., 1934, 1, 167. 
2 Lewis, T., Pickering, G. W., and Rothschild, P., Heart, 1931, 16, 1. 
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child’ that such ischemia affects the nefve fibers, not merely the 
nerve endings. But Bishop, Heinbecker and O’Leary*® attribute 
the effect to the pressure whereby the ischemia is produced. In 
view of the work of Erlanger, Gasser, and others, it seems clear that 
we studied the thresholds of large, easily-stimulated fibers. The 
initial drop in threshold, followed by a rise above the normal, so 
closely parallels the observations of Heinbecker* on threshold 
changes in anoxemic excised frog nerves that we consider our re- 
sults to confirm Heinbecker’s work and extend it to human nerves 
in vivo.t But asphyxia attacks the small fibers first,* whereas 
pressure affects first the large fibers (Gasser and Erlanger’); in 
our experiments the large fibers, though more susceptible to pres- 
sure, manifested behavior characteristic of asphyxia. Our work 
thus presents another aspect of a difficulty that has confronted pre- 
vious investigators, and attempts to explain which have been of- 
fered by Zotterman,°® by Bishop, Heinbecker and O’Leary® and by 
Gasser." Both pressure and anoxemia seem to contribute to 
the result. (Terms like anoxemia and asphyxia are here used to 
designate the total chemical environment of the nerve fibers deter- 
mined by circulatory arrest; a more particular discussion is offered 
by Gerard.*) It may be that pressure increases the susceptibility of 
the fibers to ischemia ; this would explain the early onset of anoxemic 
phenomena in the large fibers. But how could pressure applied in 
the arm affect susceptibility to asphyxia throughout the forearm 
and hand? Possibly by blocking the passage along the nerve fibers 
of those “trophic” influences from the nerve cells whose existence 
is suggested by Wallerian degeneration, and has recently been up- 
held on other grounds by Parker.° § 

Alternatively, and perhaps preferably, accepting the view that pres- 
sure does not contribute toward the phenomenon,” * our results may 
be regarded as confirming, from a study of irritability, Gasser’s’ 

3 Bishop, G. H., Heinbecker, P., and O'Leary, J., Am. J. Physiol., 1933, 
106, 647. 

4 Heinbecker, P., Am. J. Physiol., 1929, 89, 58. 

+ Comparison of our data with the time-relationships recorded by Heinbecker4 
leads us to believe that had the 5 experiments wherein the threshold did not rise 
been prolonged, that phenomenon would have occurred. 

5 Gasser, H. S., and Erlanger, J., Am. J. Physiol., 1929, 88, 581. 

6 Zotterman, Y., Acta Med. Scand., 1933, 80, 185. 

7 Gasser, H. S., Proc. Assn. Res. Nerv. and Ment. Dis., 1935, 15, 35. 

8 Gerard, R. W., Am. J. Physiol., 1930, 92, 498. 

9 Parker, G. H., Am. Nat., 1932, 66, 147. 


§ It must be assumed that ‘‘trophic’’ impulses are more easily blocked by 
pressure than are ordinary nerve impulses. 
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conclusion from experiments on conductivity, that in mammalian 
nerves im vivo asphyxia affects the large fibers first. 
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Effect of Lactogenic Hormone on Embryonic Tissues Cultivated 
in vitro. 


A. J. SALLE AND I. L. SHECHMEISTER. 


From the Department of Bacteriology, University of California, Berkeley. 


Since lactogenic hormone* is known to produce a specific effect on 
epithelial cells of the pigeon crop* im vivo, experiments were de- 
signed to determine whether it would stimulate the growth of em- 
bryonic pigeon crop epithelium cultivated in vitro. If stimulation 
could be observed in this manner such a test might be more delicate 
and superior to the present methods employed for determining hor- 
monal potency. 

Preliminary to testing the hormone on the specific crop epithe- 
lium, which reacts to it 1m vivo, experiments were carried out on the 
following non-specific tissues cultivated im vitro: (1) Embryonic 
chick connective tissue, (2) embryonic: chick epidermis, (3) em- 
bryonic pigeon oesophageal epithelium. Finally the hormone was 
tested on cultures of embryonic epithelium taken from the crop 
sac areas known to be reactive im vivo in the hatched pigeons. 

In all cases the dilutions were performed in triplicate. Also, every 
experiment was repeated 3 times before the results were reported. 
Each flask contained about 12 fragments of tissue. 

(1) Embryonic Chick Connective Tissue. Chick heart tissue 
from 10- to 14-day-old embryos was used as the source of fibro- 
blasts. The tissues were finely cut into fragments of about 1 mm. 
in diameter and immersed in Tyrode solution until ready for use. 

The embryonic fluid was prepared by mincing 14-day-old chick 
embryos in a tissue grinder and suspending the pulp in 4 parts of 


* Anterior pituitary mammotropic principle, prolactin, galactin, mammotropin. 
The preparations used in these experiments were kindly supplied by Dr. W. R. 
Lyons of the Division of Anatomy. The hormone caused crop sac epithelial growth 
in 24-48 hours when given in doses as low as 0.1 microgram intradermally over 
the crop sae area. 

1 Riddle, O., Bates, R. W., and Dykeshorn, 8. W., Am. J. Physiol., 1933, 
105, 191. 
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Tyrode solution. The suspension was.centrifugated at high speed 
to throw down all cellular material after which the clear supernatant 
fluid was carefully removed with a pipette. This clear liquid was 
used for coagulating the plasma as well as a nutrient for the tissue 
cells. 

Guinea pig plasma was used in all experiments. This was col- 
lected by first drawing 1.0 cc. of a 1-1,000 solution of heparin into 
a 10.0 cc. syringe and then heart blood to the 10.0 cc. mark. The 
mixture was quickly centrifugated, the clear plasma removed with 
a pipette and kept in ice water until ready for use. 

The hormone preparation} was added to the solid phase only. 
The various components and their proportions are summarized in 
Table I. 


TABLE I. 
No. of drops used 
Components Hormone-Treated Flasks Control Flasks 
Plasma Dio aie ole 3 
Tyrode Solution Avie iy eat) ele) 5 
Embryonic fluid QO A A Neale 2 
Hormone Solution Li at th) Brat eons) 30 0 
Total No. of drops LOMO LOS Ome tG 10 


The various mixtures were prepared in Carrel flasks. Ten drops 
of embryonic fluid were added after coagulation of the plasma. This 
furnished the nutrients for the tissue cells. 

The growth in all flasks, both hormone-treated and non-hormone 
treated was of the same order after an incubation period of 48 hours. 

(2) Embryonic Chick Epidermis. Skin tissue from 7, 9, 10, 
and 12-day-old chick embryos was used as the source of epithelial 
cells. Mixed growth of fibroblasts and epithelial cells occurred in 
many of the fragments but the fibroblastic growth was disregarded. 

In the first series of experiments graduated amounts of hormone 
was added to the embryonic fluid following coagulation of the 
plasma. No hormone was present in the solid phase. Epithelial 
stimulation was negative after an incubation period of 72 hours. 

In the following series of experiments the hormone was added 
to the solid phase only. The set-up is given in Table II. 

Ten drops of embryonic fluid was added following coagulation of 
the plasma. 

In another series of experiments the same set-up as given above 


+ The hormone preparation contained 1 gm. of organic solids in 100 ce. of 
solution. This is, for convenience, called a 1% solution. 
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TABLE II. 
No. of drops used 
Components Hormone-Treated Flasks Control Flasks 
Plasma See OIA Koma 3 
Tyrode Solution Suge Lin gO) 5 
Embryonic Fluid 4 4 4 4 4 
Hormone Solution 2 359 4 6 0 
Total No. of drops Biju ae aE en be 12 


was employed except that hormone was added to both the solid and 
liquid phases. Consistently negative stimulation was obtained in 
all experiments. 

(3) Embryomc Pigeon Oesophageal Epithelium. In the ex- 
periments to follow embryonic pigeon oesophageal epithelium was 
employed. The oesophagus in the region of the crop sac was re- 
moved aseptically from a pigeon just before hatching. The com- 
ponents of the cultures and their proportions were the same as 
given in Table II. 

In the first series of experiments hormone was added to the 
solid phase only. In the second series hormone was added to the 
liquid phase only. Tyrode solution was substituted for the hormone 
in the solid phase. In the final series hormone was added to both 
solid and liquid phases. Growth stimulation was negative in all 
experiments after an incubation period of 48 hours. 

(4) Embryonic Pigeon Crop Epithelium. Tissue from the em- 
bryonic crop gland of a pigeon was used. The glandular tissue was 
removed aseptically and reduced to fragments as uniform in size as 
possible. 

The components and proportions of each were the same as given 
in Table II. The following series of experiments were performed: 

1. Tissue fragments bathed in Tyrode solution previous to em- 
bedding. Hormone solution was added to (a) liquid phase only, 
(b) solid phase only, and (c) both solid and liquid phases. 

2. Tissue fragments’ bathed in hormone solution previous to em- 
bedding. Hormone solution added to (a) liquid phase only, (b) 
solid phase only, and (c) both liquid and solid phases. 

(3). Tissue fragments were embedded and allowed to incubate for 
36 hours before adding hormone to the liquid phase. Five dilutions 
of hormone were used ranging from 1:10 to 1:100,000. 

Measurements of the areas of the tissue fragments were made and 
percentage increases recorded. A total of 220 measurements on 93 
tissue fragments were made. The figures showed no growth stim- 
ulation of the fragments in the presence of hormone. 
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It may be concluded that lactogenie hormone, although capable 
of producing a specific effect on epithelial cells of the immature 
pigeon crop in vivo, is unable to stimulate embryonic crop tissue 
when cultivated in vitro. Non-specific tissues such as embryonic 
chick connective tissue, embryonic chick epidermis and embryonic 
pigeon oesophageal epithelium also failed to show growth stimula- 
tion in the presence of the hormone. 
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Effect of Autoclaved Pancreas upon Lipids of Blood and Liver in 
Depancreatized Dogs Maintained with Insulin.* 


A. KApLan AND I, L. CHAIKOFF, 


From the Division of Physiology, University of California Medical School, 
Berkeley. 


It was first shown in this laboratory that raw pancreas contains 
a factor (or factors) active on the blood lipids of the completely 
depancreatized dog maintained with insulin.» When the glandular 
tissue was added to the diet immediately after pancreatectomy, a 
rise above normal in blood lipid constituents occurred. The removal 
of the glandular tissue from the diet resulted in an abrupt fall in 
the lipid constituents, in particular, cholesterol esters. The essential 
effect of pancreas feeding upon blood lipids consisted in the main- 
tenance of a level, particularly cholesterol, above the preoperative 
or normal; this effect was produced irrespective of whether the con- 
centration of the blood lipids was normal or subnormal at the time 
when feeding of the glandular tissue was instituted. 

It has already been shown that the blood lipid factor is not cho- 
line.” In a further study of the mechanism whereby raw pancreas 
produces these lipid changes, it seemed of interest to investigate the 
effects of pancreas that had been autoclaved for 30 minutes at 20 Ib. 
pressure. Such a procedure destroys the enzymes but leaves unal- 
tered the caloric value of the ingested pancreas. 

A typical result of the effect of autoclaved pancreas on the blood 

* Aided by a grant from the Research Board of the University of California. 
The insulin used in this investigation was generously supplied by Eli Lilly and 
Company. 

1 Chaikoff, I. L., and Kaplan, A., J. Biol. Chem., 1935, 112, 155. 

2 Chaikoff, I. L., and Kaplan, A., Proc. Soc. Exp. Bion. AND MED., in press. 
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cholesterol is shown in Table I. For the first 37 days following pan- 
createctomy Dog D-73 received 125 gm. of raw pancreas twice daily 
in addition to the regular stock diet. Determinations made on 2 
occasions showed that the blood lipid concentration was definitely 
above normal during this period. For the next 19 days, autoclaved 
pancreas, in equal amounts, was substituted for the raw glandular 
tissue. A definite fall in both free and esterified cholesterol occurred. 
In 3 other dogs it was found that when autoclaved pancreas was 
added to the diet of dogs in which the blood lipid level fell below 
normal, a rise above the preoperative value did not occur. It may, 
therefore, be concluded that the factor in the pancreas responsible 
for the maintenance of a blood lipid level above normal is partially 
or completely destroyed by autoclaving. 


TABLE I. 


Effect of Raw and Autoclavedt Pancreas upon Whole Blood Cholesterol of 
Dog D-73. 
Cholesterol 
Duration of 
Interval Duration of autoclaved Ester 
since Taw pancreas pancreas Total Free ————_ 
Pancreatectomy in diett in diett mg.per mg.per mg.per %of 
days days days 100ce. 100¢ce. 100ce. total 
29 29 209 127 82 39 
37 37 218 123 95 44 
45 8 132 99 33 25 
56 19 112 103 9 8 


t+Autoclaved for 30 min, at 20 lb. pressure. 
$125 gm. twice daily in addition to stock diet. 


The accumulation of large amounts of lipids is characteristic of 
livers of depancreatized dogs receiving no raw pancreas in their 
diets.* Despite its inability to raise the préoperative level of the 
blood cholesterol, autoclaved pancreas was found effective in pre- 
venting the deposition of these excessive amounts of lipids in the 
livers of 2 dogs. Moreover, in a depancreatized dog in which a 
fatty liver had been established, the fat content of this organ was 
reduced to normal by the addition of autoclaved pancreas to the diet. 
In all 3 animals that had received autoclaved pancreas, total fatty 
acids ranged from 2.7 to 2.9% of the wet weight of the liver, a 
range that closely approximates the normal. 


3 Kaplan, A., and Chaikoff, I. L., J. Biol. Chem., 1935, 108, 201. 
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Developmental Mechanics of the Central Nervous System in 
Triturus torosus. 


J. Frank DANIEL. 
From the Department of Zoology, University of California, Berkeley. 


By the use of a Rotary Disc’ the development of the central 
nervous system may be followed step by step in its natural sur- 
roundings within the jelly layers of the egg. 

The surface material from which the central nervous system 
forms occupies a position in the young gastrula well above the 
blastopore and between it and the animal pole, and at this stage 
appears to be much like the remaining surface material that gives 
rise to the epidermis. 

As the roof of the digestive tract (the organizing center of Spe- 
mann) infolds and moves up into contact with the surface material, 
the latter is induced to form the medullary plate. 

By proper illumination the movement of the organizing center of 
Spemann, like a curtain within the egg, may be observed as it comes 
up under the prospective medullary material, and the procedure of 
shaping out the plate may be followed in some detail. 

The first change in the material is its thinning out as the median 
longitudinal groove about the middle of the plate and just above 
the chorda; later this groove reaches the infundibular recess an- 
teriorly and the blastopore posteriorly. Next a double row of pig- 
ment appears on left and right sides, outlining the lateral boundaries 
of the medullary plate. Neural folds appear between these double 
bands of pigment and extend gradually backward and forward. 
Anteriorly left and right folds approach the midline, where they 
remain separated for some time. 

The relation of the organizing center to the surface material often 
differs considerably on left and right sides. Contact earlier on one 
side may result in a well-formed neural fold on that side before pig- 
ment bands appear on the other side, and a delay of 8 to 10 hours in 
the completion of the forward part of the plate has been observed 
to accompany marked cervical flexure. 


1 Daniel, J. F., and Burch, A. B., Univ. Calif. Publ. Zool., 1933, 39, 201. 
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Nucleotide Nitrogen Content of Human White Blood Cells.* 


FRANK WORTHINGTON ALLEN, SALVATORE P. LUCIA AND 
Joun J. ErLer. ; 


From the Divisions of Biochemistry (Berkeley) and Medicine (San Francisco), 
University of California Medical School. 


In a previous communication* on the nucleotide content of path- 
ologic human whole blood, it was stated that the correlations be- 
tween nucleotide nitrogen and the percentage of hemoglobin and the 
red blood corpuscle count are high in all of the conditions which were 
studied, except in leukemia. In the latter case there is no relation- 
ship between the nucleotide nitrogen and the number of red blood 
corpuscles, but there is a significant positive correlation between the 
nucleotide nitrogen content of the whole blood and the number of 
white blood cells. In other words, it would seem that the high 
values for nucleotide nitrogen observed in leukemia must be asso- 
ciated in some way with the increased white cell count. Under 
conditions where the number and volume of the red blood cor- 
puscles in comparison with the white blood cells maintain the usual 
level, the amount of nucleotide which is present in the white blood 
cell is masked completely by the larger quantity of nucleotide which 
is confined to the red blood corpuscles. 

Insofar as we are aware, there is only one analysis of the nucleo- 
tide content of the leucocytes published in the literature. Buell and 
Perkins’ reported negative results for the nucleotide content of the 
lymphocytes taken from the thoracic duct of the dog. It therefore 
seemed desirable to attempt the separation of the white blood cells 
from the red blood corpuscles in those cases of leukemia in which 
small quantities of blood would give a quantity of white cells suffi- 
cient for the quantitative analysis of the nucleotide content. 

The following procedure was used for the separation of the red 
blood corpuscles from the white blood cells. Five millimeter glass 
tubing was cut the size of ordinary hematocrit tubes and sealed at 
one end. The blood was introduced into the tubes with a syringe 
which had been fitted with a long needle. The tubes containing the 
blood were then centrifuged for 25 minutes at approximately 
2500 r.p.m. After the centrifugation, the tubes contained 3 separate 

* Aided by a grant from the American Medical Association. 


1 Allen, F. W., Lucia, S. P., and Hiler, J. J., J. Clin. Invest., 1936, 25, 157. 
2 Buell, M. V., and Perkins, M. E., J. Biol. Chem., 1928, 76, 95. 
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and distinct layers, corresponding to’red blood corpuscles, white 
blood cells with a few enmeshed red corpuscles, and plasma. The 
length of each layer in the 5 mm. tubes varies from one inch or more, 
dependent upon the relative volume of the red blood corpuscles and 
the white blood cells. The tubes were broken, with the aid of a file 
and gentle pressure, at the juncture between red corpuscles and white 
cells and also at the juncture between white cells and plasma. The 
cells or plasma were then aspirated from each section. If carefully 
done, quite an efficient separation of the three fractions may be 
effected. After the separation, the total volume of each cell fraction 
was determined, and Ringer’s solution was added until the volume 
in each case (determined by hematocrit) was the same as that oc- 
cupied by the fraction as it appeared in the original sample of whole 
blood. 

Thus, with a sample of blood from a case of leukemia it was 
found possible to obtain a white blood cell suspension with a cell 
count comparable to that of the original blood, but with the red blood 
corpuscles present in very small percentages. Table I contains the re- 
sults of the analyses of 2 samples of blood taken from patients with 
myeloid leukemia. Sample No. 1 may be taken as an example of a 
very marked separation of white blood cells from red blood corpus- 
cles (less than 20,000 R.B.C./c.mm.), while sample No. 2, due to the 
greater diameter of the white cells with their tendency to enmesh 
the smaller corpuscles, is representative of one of the cases of a less 
marked separation (690,000 R.B.C./c.mm.). The nucleotide nitro- 

TABLE I. 


Partition of Nucleotide Nitrogen Between the Formed Elements of the Blood of 
Patients with Myeloid Leukemia. 


Nucleotide 
nitrogen Red blood 
per 100ce., corpuscles, White 
mg. millions blood cells 
Sample No. 1 
(a) Whole Blood 5.7 2.26 790,000 
R.B.C. Hematocrit 16.5% 
W.B.C. ie! 15.5% 
(b) White Cell Fraction 3.0 0.02 500,000 
(c) Red Corpuscle Fraction 1.8 ieee 8,300 
(d) Plasma 1,2 —_ — 
Sample No. 2 
(a) Whole Blood 8.0 3.34 360,000 


R.B.C. Hematocrit 20.0% 

W.B.C. tH 44.0% 
(b) White Cell Fraction 6.8 0.69 464,000 
(c) Red Corpuscle Fraction 3.0 2.34 13,200 
(d) Plasma 0.9 
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gen was estimated by the quantitative method of Kerr and Blish.® 
Examination of the table shows that in cases of myeloid leukemia in 
which the white blood cell counts are high there is more nucleotide 
in the white blood cell fraction than in the red blood corpuscle frac- 
tion. 

Table II contains an example of a case of myeloid leukemia upon 
which a serial study of the nucleotide nitrogen content has been 
made coincident with the regression of the white blood cell count. 
It will be noted that during the 20-fold decrease in white blood cell 
count with an approximately constant red blood corpuscle count there 


is a 2-fold decrease in nucleotide nitrogen content of the whole 
blood. 


TABLE II. 
Nucleotide Nitrogen Content of the Whole Blood of a Patient with Myeloid 


Leukemia. 
(Serial samples taken during the regression of the disease.) 
Nucleotide 
nitrogen 
per 100 ee. Red blood 
Date whole blood, Hemoglobin corpuscles, White 
1935 mg. % millions blood cells 
10/29 8.6 50 2.93 460,000 
10/31 7.3 54 3.20 390,000 
11/16 4.8 67 3.68 24,000 
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A Bile Fistula Procedure in the Rat. 


FERN G. HARRINGTON, JOSEPH D. GREAVES* AND Car L., A. 
SCHMIDT. 


From the Division of Biochemistry, University of California Medical School, 
Berkeley. 


In this laboratory the rat has been found to be a very useful ex- 
perimental animal for purposes of studying bile function. Large 
numbers of animals may be used. Moreover, the rat is not particu- 
larly subject to infections, and special aseptic operative procedures 
do not need to be employed in preparing bile fistulas. 

The internal bile fistula technique which has been found useful 
in dogs cannot be applied to the rat. This animal has no gall blad- 


3 Kerr, S. E., and Blish, M. E., J. Biol. Chem., 1932, 98, 193. 
* E, R. Squibb and Sons Fellow. 
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der nor a cystic duct, thus making a cholecystonephrostomy* im- 
possible. The size of the structures involved prevents the making of 
a direct anastomosis between the bile duct and the kidney pelvis. 
The pancreatic ducts empty directly into the bile duct of the rat. 
Any bile fistula procedure must utilize only the upper portion of 
the bile duct so as to leave the pancreatic system intact. 

Two bile fistula techniques in the rat have been described. In the 
first operation® an anastomosis between the bile duct and the lower 
colon is made with the aid of a small silver cannula. With proper 
care such animals live in good health for extended periods of time. 
The second operation® makes use of an artificial gall bladder which 
is inserted directly into the abdominal cavity. The original pro- 
cedure has been modified by placing the glass bulb under the skin on 
the right side of the rat. The silver cannula which is inserted in the 
bile duct is connected to the glass vessel by means of a small par- 
lodion tube. The second opening in the glass bulb communicates to 
the outside, thus permitting withdrawal of bile. 

In the latter procedure rats live for only a short period of time 
when the bile is drained regularly. If the external opening is 
plugged to prevent loss of bile, the animals will survive for periods 
up to 6 weeks despite the extensive tissue destruction which results 
from the icteric condition. Administration of bile or of sodium 
chloride solution to the rat by stomach tube will prolong the life of 
the animal for a period of only 3 to 4 weeks. This, together with 
the danger of infection, makes the technique of no value when it is 
desired to prolong the experiments over periods of several months. 

A more recent procedure which has been successfully employed 
in this laboratory consists in anastomosing the bile duct to the vas 
deferens by means of a silver cannula. In the rat the testes are 
embryologically formed well up in the body cavity and are then 
gradually drawn into the scrotum by shrinkage of the ligamentum 
gubernaculum testis. The vas deferens in the adult rat has con- 
siderable length. After sectioning the ligamentum gubernaculum 
testis, the vas deferens can be extended as far as the liver. 

A median incision is made along the linia albia, the right testicle 
is drawn up from the scrotum, the ligamentum gubernaculum testis 
is cut, and the spermatic artery is tied. The mesentery between 

1 Kapsinow, R., Engle, L. P., and Harvey, 8. C., Surg. Gynec. and Obs., 1924, 
39, 62. 


2 Greaves, J. D., and Schmidt, ©. L. A., J. Biol. Chem., 1933, 102, 101; Am. J. 
Physiol., 1935, 111, 492. 


3 Sawyer, L., and Lepkovsky, S., J. Lab. and Clin. Med., 1935, 20, 958. 
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the vas deferens and the spermatic artery is cut so as to leave the 
blood supply to the vas deferens intact. The vas deferens is hemi- 
sectioned at a high level. A small silver cannula about the size of 
a No. 22 hypodermic needle is inserted into the duct with the aid 
of a stilet and tied in place with a silk suture. The vas deferens is 
then severed from the epididymis and the testicle is removed. 
The vas deferens can now be made to extend well towards 
the liver. The bile duct is doubly ligated at a level above the point 
of entrance of the major pancreatic ducts and semi-sectioned just 
above the ligature. The remaining end of the cannula is inserted 
into the bile duct. The end of the vas deferens and the bile duct 
are brought together and the cannula is tied in position. The bile 
duct is sectioned between the ligatures, and the abdomen is closed 
surgically. 

The success of the operation can be demonstrated by injecting a 
saline solution of rose bengal into the jugular vein. This dye is 
normally excreted through the bile and in this case should appear 
in the urine. 

It has been possible to keep rats operated by this technique in ap- 
parent health for a period of 3 to 4 months. With cannulas of the 
size given above it is possible to carry out the operation on rats as 
small as 150 gm. body weight. Rats as small as 60 to 70 gm. may 
likewise be operated upon provided smaller cannulas are used. The 
operation eliminates the danger of infection which is present in the 
2 other techniques. It permits the complete exclusion of bile from 
the intestinal tract. However, the technique is applicable only to 
male rats. 
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Spectral Region of Photosensitivity in Hydroa Aestivale Seu 
Vacciniforme with Porphyrinuria. 


Harrop F. Brum AND Lioyp E. HArpDGRAVE. 


From the Division of Physiology, University of California Medical School, 
Berkeley. 


Many attempts have been made to produce typical lesions in 
Hydroa patients by exposure to light, but few, if any, have suc- 
ceeded in demonstrating a definitely increased sensitivity to light. 
Nevertheless, it has been very generally assumed that such patients 
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are abnormally photosensitive and that:porphyrins, which are found 
in the urine of many of these cases, are the photosensitizing sub- 
stances. The present experiments would seem to demonstrate the 
truth of both these assumptions, and also to explain the discrepancies 
in the findings of others. 

A boy of 7 years, suffering from Hydroa and displaying marked 
porphyrinuria, was subjected to exposure of small areas of the back 
to bright sunlight for 30 minutes, certain of the areas being covered 
with glass color filters to delimit various spectral regions. At the 
end of this time, a distinct erythema was observed on those areas 
which had received any considerable amount of radiation of wave 
lengths between approximately 3200 A and 4500 A, but not on the 
areas from which this portion of the sunlight had been excluded by 
the filters. The response occurred when the radiation shorter than 
3200 A, to which normal skin is sensitive, was excluded. Thus the 
skin of this patient is shown to be abnormally sensitive to light, re- 
sponding to the spectral region between 3200 A and 4500 A, to 
which normal skin is not sensitive. 

If we examine the absorption spectrum of porphyrins, we find a 
nice correspondence with the region of sensitivity of our patient, 
which may be taken as reasonable proof that porphyrins are the 
photosensitizing substance. Their most characteristic absorption 
lies between 3200A and 4300 A,* and this absorption is much 
greater than that which occurs in the visible spectrum. This ac- 
counts for the fact that longer wave lengths did not produce any 
response in the patient, although it is quite certain that prolonged 
exposure would have demonstrated some sensitivity in the visible 
portion of the spectrum. 

The patient has been receiving bi-weekly exposures to quartz- 
mercury arc for many months, which have never produced any ab- 
normal reaction, and he has responded with a healthy, normal coat 
of tan; no immediate erythema such as we obtained with sunlight 
follows these regular quartz-mercury arc treatments. This is quite 
readily explainable since the arc produces much greater intensities 
of radiation shorter than 3200 A than reach us from the sun, 
whereas sunlight contains much greater intensity than the arc in 
the region between 3200 A and 4500 A. Thus the quartz-mercury 
arc elicits only the normal delayed erythema and pigmentation, 
which are produced by wave lengths shorter than 3200 A, without 
producing a detectable amount of the abnormal immediate erythema. 


Sunlight, on the other hand, elicits the abnormal response. Most 


1Qlar, E., and Haurowitz, F., Ber. deutsch. chem. Gessell., 1933, 66, 331. 
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of the attempts to demonstrate abnormal sensitization in Hydroa 
have employed the quartz-mercury arc as a source, and the results 
have been very conflicting, some claiming to have shown an en- 
hanced and some a diminished sensitivity. It is probable that ex- 
posure to such a source would produce a very severe sunburn of the 
normal type before the abnormal hematoporphyrin response would 
appear, so that the latter would be masked. A few cases in which 
sunlight or carbon arc have been used as a source have shown re- 
sults in apparent agreement with ours. 

A more complete description of the experiments together with 
an account of artificial photosensitization with porphyrins will be 
given elsewhere in the near future. 
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Hemolytic Phage-Bacterium Conjugates. 


JEANETTE D, TaRANIK. (Introduced by W. H. Manwaring.) 


From the Laboratory of Bacteriology and Experimental Pathology, Stanford 
University, California. 


The production of hemolytic bacteriophage-bacterium conjugates 
was reported by Friedberger and Vallen.* Apparently identical ag- 
gressive conjugates were afterwards isolated from clinical material.” 
The non-hemolytic microdrganisms which can be transformed into 
erythrolytic variants by phage-“hybridization” include B. typhosus, 
B. dysenterie, B. paratyphosus, B. suipestifer, S. cholere, and B. 
colt. In order to obtain material for an immunochemic and genetic 
study of such “hybrids,” we have tested the erythrolytic powers of 75 
conjugates, formed by combining 11 local typhoid strains with 7 
demonstrably active antityphoid bacteriophages. Each bacterio- 
phage was first grown for 3 to 6 test-tube generations on each of 
the 11 typhoid strains. In 67 of the 77 combinations powerful 
lysis was noted. The 67 resulting apparently completely lysed 
typhoid cultures were incubated for an additional period of 48 to 
72 hours. In 65 of the tubes an overgrowth with phage-resistant 

1 Friedberger, E., and Vallen, J., Klin. Wochenschr., 1923, 22, 1649. 

2yvan Loghem, J., Centralbl. Bakt., 1926, 100, 19; Sonnenschein, C., Ibid., 
1929, 111, 177; 1930, 117, 58; Kleineberger, E., Ibid., 1930, 117, 344; Bechtel, 
E., Ibid., 1930-31, 119; Bianchi, L., and Callerio, C., Z. Immunitatsf., 1931, 72, 
155; Zimmerman, E., [bid., 1934, S2, 495. 
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B. typhosus took place. Hemolytic titers of these 65 aggressive 
overgrowths are recorded in Table I. 


TABLE I. 
Hemolytic Titers of Phage-bacterium Conjugates. 

65 B. typhosus overgrowths each inoculated into a fresh tube of 1-10 veal- 
broth-dilution of the corresponding bacteriophage (i. e., Chamberland filtrate), 
incubated 24 hours, then streaked or plated on 2.5% washed-sheep-erythrocyte 
agar (equivalent to 5% whole blood). 

Not all of the colonies on any one of the 65 resulting plates were hemolytic. 
All lytic colonies on any one plate, however, were of equal titer. Subcultures 
from lytic colonies gave pure hemolytic strains of the same titer. 

Titers were estimated by comparing the hemolytic areas surrounding the 
colonies. Thus: ++, hemolytic zone approximately 2 mm, in diameter; +, ap- 
proximately 1 mm.; +, no lytic zone, but corpuscles laked under colony; 0, no 
demonstrable laking. 


Bacter- Control 


iophage —————————_B,. typhosus strain number-————_—4+£+—T_ (No 
No. 20 «3638 21 5 6 38 8 37 22 1 <4 bacteria) 
56 + +4" 0 0 ++ + ++ 4 tf OF O 0 
175 + + +4+ 44+ 9 0 0 0 0 0 
45 ate ee ei ot OF 20 0 OP OnnOr=10 0 
8 a3 ae Sis 0 0 0 OF OR Oa 0 
1682) Geeks Oe Oo UH 0 0 Ooh Oe ae a Osa 0 
53 oe 0 0 0 0 0 OFS el SR SOOO 0 
23 0 0 0 0 0 0 0 OS 0 Fsr ORAS OF 0 
Control 0 0 0 0 0 0 0 ORO se 202420 = 
(no phage) 
* — Original typhoid culture phage-resistant. . (Phage-multiplication shown 
by phage-titration of filtrate.) 
? = Phage-resistant strain not obtained. 


The table shows that only 23 (30%) of the phage-resistant B. 
typhosus variants produce demonstrable lysis, and that only 8 
(10%) of them give lytic reactions equal to that of fairly active 
hemolytic streptococci (++). Active proliferation of bacterio- 
phage in the 52 hemolytically negative phage-bacterium complexes 
was demonstrated by phage-titration of filtrates. 
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Ultrafiltration of Type I Antipneumococcal Sera. 


KENNETH GOODNER, FRANK L. HorsFALt, Jr., AND JOHANNES H. 
BAUER. 
From the Hospital of the Rockefeller Institute for Medical Research and the 


Laboratories of the International Health Diwision of the Rockefeller Foundation, 
New York. 


Elford, Grabar and Fischer* have reported that the “antibody. 
activity’ of antipneumococcal horse-serum is associated with the 
“larger complex protein in the serum.” Thus it was estimated by 
the method of optimal proportions that 75% of the antibody passed 
a 140my membrane, rather less than one percent passed an 80mp. 
membrane, while the filtrate from a 54my. membrane showed no 
trace of antibody-activity. 

The membranes used in the present experiments were prepared 
by the method of Elford? with certain modifications described by 
Bauer and Hughes.* For filtration, Type I antipneumococcal horse- 
and rabbit-sera were diluted 1:5 in broth. Concentrated anti- 
pneumococcal horse-serum was diluted 1:10 in the same reagent. 
For evaluating the amount of antibody in the filtrate the quantita- 
tive precipitation method of Heidelberger, Sia, and Kendall* was 
used. Because of the difficulties in securing large amounts of fil- 
trates complete analyses over a wide range of amounts of poly- 
saccharide were impossible. Therefore an arbitrary amount (0.2 
mg. per cc. of original serum) of the Type I acetyl polysaccharide* 
was employed for each filtrate. Determinations of nitrogen in the 
washed precipitates were carried out by the gasometric micro- 
Kjeldahl method of Van Slyke.* 

The end-points in filtration of the specific antibodies of Type I 
antipneumococcal horse- and rabbit-sera are shown in Fig. 1. The 
results are plotted in terms of the percentage of total specifically 
precipitable nitrogen recovered in the various filtrates against 
average pore-diameters. With antipneumococcal rabbit-serum no 

1 Elford, W. J., Grabar, P., and Fischer, W., Biochem. J., 1936, 30, 92. 

2 Elford, W. J., J. Path. and Bact., 1931, 84, 505. 

3 Bauer, J. H., and Hughes, T. P., J. Gen. Physiol., 1934, 18, 143. 

4 Heidelberger, M., Sia, R. H. P., and Kendall, F. E., J. Eup. Med., 1933, 
57, 373. 

*This preparation of the viscous form of the capsular polysaccharide was 


kindly supplied by Dr. M. Heidelberger. 
5 Van Slyke, D. D., J. Biol. Chem., 1926, 71, 235. 
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Fig. 1. 


specifically precipitable protein passed through a membrane with 
average pore-diameter of 10.6my. A 13.8my. filtrate contained 
11.9% of the total specifically precipitable protein of the serum. 
Slightly greater amounts were then recovered as the pore-sizes were 
increased up to 73.0my. At this point the curve rose sharply until 
at 102.5my. the filtrate contained 86.6% of the total amount of 
antibody. 

With antipneumococcal horse-serum, on the other hand, the 
smallest pore permitting the passage of antibody was 45.2my. 
Again, between 73.0my and 102.5my, the curve rose steeply until 
at the latter porosity 76.7% of the antibody was recovered. 

With a concentrated antipneumococcal horse-serum the end-point 
was relatively sharp, no antibody being recovered at 150.4my, 
while 100% was found in the filtrate at 188my. 

These findings have been checked qualitatively on several lots of 
immune sera. In all experiments, both quantitative and qualitative, 
the rates of filtration agree well with the findings. An obvious 
difficulty, and one which cannot be eliminated from this technic, 
is that large particles tend to be fixed in the membrane and thus de- 
crease the actual porosity of the filter. 

In generalizing it may be assumed that the smallest specific anti- 
body of antipneumococcal rabbit-serum corresponds to a pore-size 
of 11my, the smallest in horse-serum to a size of 44my, while both 
horse- and rabbit-serum have large specific aggregates correspond- 
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ing roughly to a pore-size of 88my. Furthermore, the antibody 
of concentrated horse-serum requires a pore-size of approximately 
176my. It will be noted that these figures are multiples of 11. 
Elford and Ferry® have shown that the approximate pore-size re- 
quired for normal horse-pseudoglobulin in the isolated form is 11 
to 12 mu. 

The sizes of these aggregates are apparently not fixed properties, 
for it was possible to obtain marked dispersion of equine antibodies 
by dilution in broth with a final NaCl concentration of 5%. The 
large aggregate of the concentrated serum is easily dispersed by 
dilution in normal horse- or rabbit-serum and even more dispersed 
by injection into a normal rabbit. The state of aggregation is 
therefore probably a function of some unknown factors of the en- 
vironment. Slight variations in salinity, or variations in pH from 
6.2 to 8.6, have no apparent effect. 

The full import of these results, however, cannot be gained from 
the consideration of the amounts of specifically precipitable protein. 
Assuming that these particles of antibody are spheroidal and that 
the pore-size is a function of the diameter, it is obvious that a com- 
parison of the volumes of the antibody-aggregates is most striking. 
It seems, furthermore, that the amount of nitrogen in each unit of 
antibody would be a function of this volume. Therefore it becomes 
apparent that although a very large percent of the total precipitable 
nitrogen is found in the larger aggregates, this may not be a true 
indication of the actual number of antibodies, assuming that each 
aggregate functions as a single antibody. On this basis of reasoning, 
not only is the mass of the smallest rabbit-antibody 64 times less 
than the smallest horse-antibody, but the ratio of small to large anti- 
bodies is very much greater in rabbit- than in horse-serum. 

These observations not only offer an additional differentiation 
between the properties of the immune sera of these 2 animal species, 
but may serve to explain certain of the heretofore poorly under- 
stood properties. 


6 Elford, W. F., and Ferry, J. D., Biochem. J., 1934, 28, 650. 
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Pigment of Bacillus violaceus. 
II. Pyrrolic Nucleus of Violacein.* 


Watrer C. Topie. (Introduced by J. W. Williams.) 


From the Department of Biology and Public Health, Massachusetts Institute of 
Technology, Cambridge, Mass. 


A process for the preparation of violacein, the violet pigment of 
Bacillus violaceus (Chromobacterium violaceum) has been de- 
scribed.» * This pigment is of interest since several workers have 
attributed a respiratory function to it.*° The present paper sum- 
marizes the results of a preliminary chemical examination of amor- 
phous violacein. 

Ultimate analysis. Semi-micro combustions made in duplicate on 
4 to 11 mg. samples dried to constant weight in vacuum at 100°C. 
gave the following percentage values: C 69.08, 69.47, Av. 69.28; H 
6.94, 6.63, Av. 6.79; O (by difference) 16.34, 16.59, Av. 16.45; 
N 4.87, 4.79, Av. 4.83; Ash 2.77, 2.52, Av. 2.65. The ash con- 
tained a considerable amount of iron. Due to the low solubility of 
violacein in all common solvents including melted camphor, no sat- 
isfactory value could be obtained for the molecular weight. Other 
workers” * ° have reported higher nitrogen and have overlooked 
the presence of iron, although in one case ash was reported.’ There 
is but little agreement between the values reported by different in- 
vestigators for percentile composition and molecular weight. Ac- 
cordingly the constitution of the pigment is still in doubt. 

Solubility. Although violacein gave intensely violet solutions 
with many solvents, its solubility was generally very low. Its solu- 
bilities as mg. per 100 cc. of saturated solution at 23-25° were: 
Methyl alcohol 86, 95% ethyl alcohol 99, acetone 76, tertiary butyl 


* Contribution No. 73 from the Department of Biology and Public Health, 
Massachusetts Institute of Technology, Cambridge, Mass. 

1 Tobie, W. C., Ph.D. Thesis, Massachusetts Institute of Technology, 1933 (un- 
published), upon which the present paper is partly based. 

2 Tobie, W. C., J. Bact., 1935, 29, 223. 

3 Ewart, A. J., J. Linn. Soc. Botan., 1897, 33, 123. 

4Shibata, K., Jahrb. wiss. Botan., 1912, 51, 179. 

5 Friedheim, E. A.-H., Compt. rend. soc. biol., 1932, 110, 353. 

6 Friedheim, HE. A.-H., Arch. sci. phys. nat., 1932, 14, 125. 

7 Reilly, J., and Pyne, G., Biochem. J., 1927, 21, 1059. 

8 Kogl, F., 1932, Handbuch der Pflanzenanalyse (Gustay Klein Ed.), III/2 
Spezielle Analyse II, 1410. 

9 Wrede, F., and Rothhaas, A., Z. physiol. Chem., 1934, 223, 113. 
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alcohol 107, pyridine 389. Exposure of these solutions to strong 
sunlight caused the discharge of the violet color within a few hours. 

The pyrrolic nucleus of violacem. An 8 mm. Pyrex tube was 
drawn toa capillary 12 cm. long, bearing a small bulb with an open 
end. A plug of asbestos was inserted next to the capillary, followed 
by a layer of zinc dust and a mixture of 45 to 270 mg. of violacein 
with 1 gm. of zinc dust. The free end of the tube was then fire- 
sealed. First the zinc dust and then the zinc dust-violacein mixture 
was heated with a burner. Water at first collected in the capillary, 
but at a dull red heat yellow-brown droplets of an oil condensed in 
the asbestos. These were driven into the capillary and bulb by 
further heating. The capillary was then sealed off and the oil 
treated with anhydrous sodium sulphate to absorb the water. The 
oil darkened rapidly in contact with the air. It was soluble in ethyl 
ether and petroleum ether, but insoluble in 95% ethyl alcohol. 
Attempted boiling-point determinations by the Sewaliboff method 
were inconclusive, due to the rapid carbonization of the oil when 
heated in contact with the air. A reddish deposit appeared on the 
thermometer where vapors of the oil came in contact with sulphuric 
acid fumes from the bath, suggesting the formation of pyrrol red. 
For convenience in running color-tests, portions of the oil were dis- 
solved in petroleum ether which was allowed to evaporate spon- 
taneously in test tubes. The residue in the tubes gave strong posi- 
tive tests for a pyrrol as follows: Ehrlich test (p-dimethylamino- 
benzaldehyde and HCl) vivid pink, vanillin and HCl intense yellow 
or orange, Hopkins and Cole reaction (glyoxylic acid reagent and 
sulphuric acid) pink. No picrate or picramate could be obtained 
from the oil. Similar pyrrolic reduction-products were also obtained 
by reduction with hydriodic acid, or with zinc dust or sodium hydro- 
sulphite in NaOH solution. These products also gave strongly 
positive pyrrolic color-reactions. They showed very little volatility 
with steam. 

Other properties of violacem. Reduction of a saturated solution 
of violacein in glacial acetic acid by warming with coppered gran- 
ular zinc gave no pyrrol but yielded a pale straw-colored solution. 
On carefully neutralizing the acid and allowing the mixture to 
stand overnight, the original violet color reappeared. Apparently 
mild reduction converts violacein into a leuco base from which it is 
readily regenerated by the action of atmospheric oxygen. Violacein 
was stable in buffered alkali up to pH 11, but above that point it 
dissolved to a pink solution which later became brown. Strong 
alkali such as NaOH solution decomposed it with liberation of am- 
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monia. HCl exerted a destructive action on violacein in alcoholic 
solution. In an attempt to prepare an ash-free preparation, 172 
mg. of the pigment was dissolved in 300 cc. of 95% ethyl alcohol 
and HCl gas was passed in until the violet color had changed to 
green. On addition of 500 cc. of water, a dark violet precipitate 
separated from a brown supernatant liquid. After filtration, wash- 
ing, and drying, the weight of the precipitate was only 97 mg. indi- 
cating that over 40% had been destroyed by the HCl. Although the 
ash was reduced, the percent of nitrogen dropped to 3.43 indicating 
a partial decomposition of the molecule. By passing an excess of 
HC into an alcoholic solution, the violet color was completely de- 
stroyed and could not be restored by neutralization. 

The production of pyrrolic products by several different methods 
of reduction indicates that violacein contains one or more pyrrol 
rings in its molecule. The fact that the pyrrolic products exhibit 
little volatility with steam and are soluble in ethyl and petroleum 
ethers but insoluble in ethyl alcohol, suggests that the pyrrolic ring 
or rings may possess hydrocarbon side-chains. Probably violacein 
is chemically similar to prodigiosin, the red pigment of Bacillus 
prodigiosus which has been shown to be a tripyrrylmethane deriv- 
ative.*° The presence of iron is of possible significance in view of 
the supposed respiratory function of the pigment, and may indi- 
cate an analogy to hemoglobin, chlorophyll, and other metal-pyrrol 
compounds. 
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Influence of Certain Liver Poisons on Action of Parathyroid 
Extract. 


Davip M. GREENBERG. 


From the Division of Biochemistry, University of California Medical School, 
Berkeley. 


In 1932 when practically nothing was known of the mechanism 
of the action of the parathyroid hormone in raising the blood cal- 
cium level, this investigation was undertaken to test the hypothesis 
that some other tissue, particularly the liver, might be involved as 
an intermediary in the action of the hormone. Since then Selye,* 


10 Wrede, F., and Rothhaas, A., Z. physiol. Chem., 1933, 222, 203. 
1Selye, H., Arch. Path., 1932, 14, 60; Endocrinology, 1932, 16, 547. 
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and Thompson and Pugsley* have proposed that the hormone acts 
directly on bone by stimulating an osteoclastic reaction. While there 
is much in favor of this view, the hypothesis of an intermediating 
action by some other tissue has by no means been completely elim- 
inated. 

Thus, so far, no one has been able to demonstrate a direct action 
of the parathyroid hormone on bone by im vitro experiments. Rob- 
ison and Rosenheim,’ for example, failed to find any effect by para- 
thyroid extracts on the in vitro calcification of bone. 

Furthermore, certain substances which produce liver damage, 
markedly reduce the rise in serum calcium normally produced by 
injections of parathyroid extract. In the early stages of this work* 
it was observed that acute intoxication with elementary phosphorus 
practically obliterated the serum calcium raising effect of the para- 
thyroid hormone. This observation was also made independently 
and reported at about the same time by Nitzescu.° 

The effects of the liver poisons carbon tetrachloride and hydrazine 
as well as of phosphorus have now been determined. The results 
obtained show that while phosphorus intoxication almost obliterates 
the increase in serum calcium normally produced by the injection 
of parathyroid extract, hydrazine intoxication causes a less marked 
although definite retardation and carbon tetrachloride causes no 
appreciable decrease. 

It has been suggested by Thomson and Collip® that the action of 
phosphorus might well be the result of a toxic injury to the bone 
cells. The experiments with benzol were undertaken to subject this 
idea to an experimental test, since benzol is a well known bone mar- 
row poison. 

Dogs weighing between 12 and 15 kilos were used in the work. 
With each animal a control experiment was first performed by sub- 
cutaneously injecting 500 Hansen units of parathyroid extract, 
Lilly,* and then following the serum calcium curve for the next 24 
hours. Acute intoxication by phosphorus, carbon tetrachloride 
and hydrazine was induced in the manner described below. Phos- 
phorus intoxication was produced by injecting daily 5 to 10 mg. of 


2 Thomson, D. L., and Pugsley, L. I., Am. J. Physiol., 1932, 102, 350. 

3 Robison, R., and Rosenheim, A. H., Biochem. J., 1934, 28, 684. 

4 Greenberg, D. M., Proc. Soc. Exp. Bion. AND MeEp., 1932, 29, 721. 

5 Nitzescu, I. L., Compt. rend. soc. biol., 1932, 110, 1141. 

6 Thomson, D. L., and Collip, J. B., Ann. Rev. Biochem., 1933, 2, 231. 

* The Parathyroid Extract used in these experiments was generously furnished 
by Eli Lilly and Co. 
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yellow phosphorus in oil (10 mg. P pér ml. of olive oil) subcutan- 
eously for a period of from 2 to 4 days prior to the injection of 
500 Hansen units of Parathyroid Extract, Lilly, and then following 
the change in the serum calcium curve. 

As recommended by Minot and Cutler,’ the carbon tetrachloride 
was administered by stomach tube, daily doses of 40 ml. each being 
given for periods of 2 days. Hydrazine intoxication was produced 
by the subcutaneous daily injection of 10 ml. portions of 2% 
aqueous hydrazine sulfate for: periods of 6 days prior to the admin- 
istration of parathyroid extract. Each of the liver poisons was 
usually administered for several intoxication periods spaced about 
two weeks apart. In the course of these intoxications, the animals 
developed jaundice, bile appearing in the blood and urine. Autopsy 
revealed manifestations of liver damage in each instance. 

Benzol intoxication was induced after the manner described by 
McGavack® by injecting 4 ml. of a mixture of equal parts of benzol 
and olive oil twice daily for 4 days prior to the administration of 
parathyroid extract. It was not feasible to repeat these experiments 
on the same animal as was done with the other toxic materials, 
because huge open sores developed on the skin at the sites of injec- 
tion. The benzol intoxicated animals became dropsical, fluid being 
found at autopsy in the chest cavity. No significant drop in the red 
corpuscle count was observed during the duration of these experi- 
ments, 

Representative experimental results obtained with each of the 
toxic substances subjected to test, are plotted in Fig. 1. In the block 
figures, the initial serum calcium level at the start of an experimental 
period is indicated by the white portion and the maximum serum 
calcium level produced following injection of parathyroid extract, 
by the cross hatched portion. The control periods are distinguished 
from the intoxication periods by the reversed direction of the cross 
hatching. The lettering along the abscissa refers to the designation 
assigned to the experimental dogs. 

From Fig. 1 it is apparent that phosphorus profoundly checks 
the rise in serum calcium normally produced by the parathyroid 
hormone. With dog Bl, in the third intoxication period, injection 
of parathyroid extract actually lowered the serum calcium level. 
Hydrazine also exerts a considerable and consistent effect in lower- 
ing the magnitude of the increase in the serum calcium level. On 


7 Minot, A. S., and Cutler, J. T., J. Clin. Invest., 1928, 6, 369. 
8 MeGavack, T. H., J. Am. Institute of Homeopathy, 1928, 21, 461. 
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Fig. 1. 
The Effect of Certain Liver Poisons on Parathyroid Action. 

Each group of block figures represents the results of an experimental series on 
a dog. The designation of each dog is given by the lettering under the blocks 
along the abscissa. The initial serum calcium level at the start of each experi- 
ment is represented by the height of the white portion of the block; the maximum 
rise in serum calcium produced by the injection of 500 Hansen units of para- 
thyroid extract by the cross hatched portion. The control and intoxication 
periods, as shown above, are cross hatched in reverse directions. 

The dogs employed in these experiments weighed between 12 and 15 kilos. 
Intoxication with each of the substances employed was induced in the following 
manner: 

Phosphorus: Dog Ol, Bl, and Bs were subcutaneously injected with 5 to 10 
mg. of yellow phosphorus in oil for two to four-day periods. 

Carbon tetrachloride: 40 ml. doses per day of carbon tetrachloride were admin- 
istered by stomach tube to dogs Ch and Rd for two-day periods. 

Hydrazine: 10 ml. portions of 2 per cent aqueous hydrazine sulfate were sub- 
cutaneously injected into dogs Pt and Rph daily for six-day periods. 

Benzol: Dogs No and Cn received twice daily injections of 4 ml. portions of a 
mixture of equal parts of benzol and olive oil for 4 days. 


the other hand, it appears from Fig. 1, that carbon tetrachloride ex- 
erts none or only a slight reducing effect on the calcium rise. 

No definite explanation is available for either the inhibiting effect 
of the substances inducing liver damage on the parathyroid action, 
nor for the differentiation in the action of the 3 test substances. 
Although profoundly toxic effects were produced by each of the 3, 
the possibility exists that different degrees of liver damage were 
produced by phosphorus, hydrazine and carbon tetrachloride. Also 
possibly different liver cells of the liver are injured by the action of 
phosphorus than by carbon tetrachloride. This suggestion is sup- 
ported by other experimenters.” *° Haloff® states that chloroform 


9 Haloff, G. A., Arch. Exp. Path. Pharm., 1928, 134, 168. 
10 Marshall, E. K., and Rowntree, L. G., J. Hap. Med., 1915, 22, 333. 
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and carbon tetrachloride produce a fatty degeneration of the liver, 
while phosphorus attacks the Kupfer cells more. 

The observation that benzol intoxication does not interfere with 
the rise in serum calcium induced by parathyroid extract, indicates 
that the mechanism of action of phosphorus and hydrazine is not 
through an injurious action on the bone cells. 

Summary. 1. In acute intoxication experiments with the liver 
poisons, phosphorus, hydrazine and carbon tetrachloride it was 
found that phosphorus intoxication almost eliminates the serum 
calcium rise normally produced by injection of parathyroid extract, 
hydrazine causes a less marked rise and carbon tetrachloride has no 
appreciable retarding effect. 2. Since the bone-marrow poison, ben- 
zol, causes no alteration in the blood calcium curve following injec- 
tion of parathyroid extract, the action of phosphorus and hydrazine 
appears not to be through an injurious action on the bone cells. 
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Effect of Ultracentrifuging on Oxygen Consumption of the Eggs 
of Ascaris suum, Goeze. 


G. C. Hurr anp E. J. Borty. (Introduced by J. H. Bodine.) 


From the Zoological Laboratories of Drake University and the State University 
of Iowa. 


That the maintenance of structural integrity is of prime impor- 
tance for the normal functioning of a large part of the oxidative 
processes of the cell has been demonstrated by a number of work- 
ers..° Bodine and Boell®* have shown that the normal activity 
of much of the so-called cyanide sensitive respiratory mechanism 
(indophenol oxidase system) is interfered with as the result of the 
structural disorganization of the cell. Recently Beams and King* 


~~ * Aided by a grant from the Rockefeller Foundation for research in cellular 
physiology. 

1 Warburg, O., and Meyerhof, O., Pjliig. Arch., 1912, 148, 295. 

2 Warburg, O., Pfliig. Arch., 1914, 158, 189. 

3 Runnstrom, J., Protoplasma, 1930, 10, 106. 

4 Quastel, J. H., and Wheatley, A. H. M., Bioch. J., 1932, 26, 726. 

5 Quastel, J. H., Bioch. J., 1932, 26, 1685. 

6 Bodine, J. H., and Boell, EH. J., J. Cell. and Comp. Physiol., 1936, 7, 455. 

7 Bodine, J. H., and Boell, E. J., J. Cell. and Comp. Physiol., 1936 (in press). 

8 Beams, H. W., and King, R. L., 1936 (in press). 
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found that cleavage in the eggs of Ascaris suum was not affected 
even though the eggs were subjected to forces of 150,000 to 400,000 
times gravity (obtained through the use of the Beams’ ultracen- 
trifuge). Although such eggs were completely stratified into a 
centrifugal cap of heavy yolk material, a middle band of clear pro- 
toplasm, and a light layer of lipoidal material, cleavage rate in cen- 
trifuged eggs was not noticeably different from that in normal eggs. 

The purpose of the experiments reported herein was to determine 
the effect of ultracentrifuging on the oxygen consumption of the 
eggs of Ascaris suum. 

The eggs used were obtained fresh from adult worms, expressed 
into saline, washed repeatedly to remove surplus albumin, and 
stored at 5°C. until needed. In the centrifuge experiments a con- 
centrated suspension of eggs was rotated for 30 minutes at a force 
of 150,000 times gravity. Oxygen consumption was measured by 
means of sensitive microdifferential manometers (Koz = 0.160). 
In an experiment one drop of a concentrated suspension of ova 
(containing ca. 5,000 eggs) was supported by a convenient hanger 
in the manometer vessel. Ten percent KOH was used to absorb 
CO,. In the experiments involving the use of cyanide a freshly 
prepared KCN solution was neutralized with HCl to pH 7.0 and 
diluted to 0.001 molar immediately before use. Eggs were washed 
3 times with cyanide and were then supported in the manometer in 
cyanide. KOH-KCN mixtures for absorbing CO2, as recommended 
by Krebs*® and van Heyningen, were used. For each sample of 
eggs tested, the respiratory rate of normal eggs was determined 
in duplicate; the effect of centrifuging or cyanide, in duplicate or 
triplicate. O, uptake was measured at 30° + 0.02°C. over a 4 to 
6-hour interval. At the end of the experimental period the eggs 
were flooded over a squared slide and counted. The respiratory 
rate (Qo) was calculated in terms of mm.® O, per hour per 10° eggs. 

The results of a typical experiment are presented in detail in Table 
I; a summary of all experiments is contained in Table II. 

Table I shows that the Qoz for centrifuged eggs was much greater 
during the third and fourth hours than during the preceding 2, an 
indication that at least partial recovery from the effects of centri- 
fuging had taken place. Twenty-four hours later such eggs showed 
complete reorganization of cellular components and many were in 
the 2-cell stage. 

9 Beams, J. W. and Pickels, E. J., Rev. Sci. Inst., 1935, 6, 299. 


10 Krebs, H. A., Bioch. J., 1935, 29, 1620. 
11 Heyningen, W. EH. van, Bioch. J., 1935, 29, 2036. 
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TABLE I. | 
Qo, (mm3 per hour per 106 eggs) 
Time, ‘ Centrifuged + 
Hours Control 10-3 MKCN Centrifuged 10-3MKCN 
il 97.6 35.7 25.5 28.0 
2 97.6 25.9 22.3 28.0 
3 102.9 13.0 37.3 16.0 
4 113.4 13.0 67.0 19.2 
TABLE II. 
% respiration. 

Experimental condition Ave. Qo, Control = 100 Remarks 
Control 102.3 100 Cleavage after 24 hrs. 
10-8 M KCN 11.3 11 Cleavage 48 hrs. after 

removal of cyanide. 
Centrifuged 22.3 21.8 Cleavage after 24 hrs. 
Centrif. + 10-3 M KCN 12.8 12.5 Cleavage 48 hrs. after 


removal of cyanide. 


Although cyanide markedly depressed the respiration of normal 
eggs it had no effect on the O2 uptake of centrifuged eggs. Thus 
centrifuging seems to exert its effect primarily on the cyanide sensi- 
tive respiratory mechanisms. 

The action of cyanide is rapid, maximal inhibition being apparent 
within 2 hours after application. With unneutralized cyanide 
Zawadowski** has claimed that cyanide produces maximal inhibition 
only after 5 to 9 hours in the eggs of A. megalocephala. It is note- 
worthy that the increase in respiration with time does not occur in 
centrifuged eggs in the presence of cyanide although physical reor- 
ganization apparently is not interfered with. 

The results indicate that respiration in Ascaris eggs is depressed 
as a result of the disorganizing effect of ultracentrifuging and that 
apparently the respiratory processes and those relating to cleavage 
are not intimately associated. 


12 Zawadowski, M. N., Biol. Gen., 1926, 2, 442. 
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Effect of Methylene Blue on Respiration of Blocked and 
Developing Embryonic Cells.* 


J. H. Boptne anv E. J. Boe x. 
From the Zoological Laboratory of the State University of Iowa. 


We’ have recently shown that actively developing embryos of the 
grasshopper, Melanoplus differentialis, have a respiratory rate 2 to 
3 times higher than do embryos whose activity is to a large extent 
blocked as the result of diapause. The average respiratory rate for 
embryos immediately before and after diapause ranges between 0.1 
and 0.15 mm.* per embryo per hour; the respiratory rate of blocked 
embryos averages approximately 0.05 mm.* per embryo per hour. 
In these 3 states of development the embryos are morphologically 
identical—moreover, the dry weight of the embryos is the same in 
each case, viz., ca. 0.07 mg. 

In an attempt to gain some information regarding the nature of 
the block to respiration which occurs during diapause, the effect 
of methylene blue on the respiratory activity of blocked and devel- 
oping embryos has been studied. 

The embryos were freed from egg membranes and extra-embry- 
onic materials and were suspended in a medium consisting of 0.9% 
NaCl, 0.02% each of KCl and CaCl. and 0.5% dextrose. The so- 
lution was buffered with phosphate (final concentration 0.01 molar) 
to pH 6.3—the pH of the perivitelline fluid of the egg. 

Oxygen consumption of the embryos was determined by means 
of sensitive microdifferential manometers at 25° + 0.02°C. Methy- 
lene blue solutions were prepared fresh daily in the saline-dextrose 
solution described above. In the use of cyanide the technique out- 
lined by Huff and Boell’ was followed. 

The data in Table I show that methylene blue has only a slightly 
stimulating effect on the oxygen consumption of developing em- 
bryos, the average increase in respiration approximating 25%. On 
the other hand, the addition of methylene blue to blocked embryos 
practically doubles the rate of oxygen uptake. Nearly maximal 
stimulation is obtained with 3 X 10° molar methylene blue. When 
the concentration of the dye is increased beyond 15 X 10° molar, 


* Aided by a grant from the Rockefeller Foundation for research in cellular 
physiology. 

1 Bodine, J. H., and Boell, E. J., 1936 (in press). 

2 Huff, G. H., and Boell, E. J., Proc. Soc. Exp. Brot. AND Mep., 1936, 34, 626. 
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TABLE I. x4 
Oz uptake per hour 
—_— Molar 
Control M.B. added % increase cone. 
Type of Embryo mm.3 mm.3 in M.B. of M.B. 
Pre-diapause .100 102 2 By >e0—5 
Diapause -050 -096 93 3 x 10-5 
dy 057 LT 105 15 x 10-5 
Post-diapause -106 131 24 3 x 10-5 
fe Bs 102 132 29 6 x 10-5 
TABLE II. 
mm? O, uptake per hour ——————- 
KON + M.B. 
Experimental Condition Control M.B.added KON added added 
10+ M KCN 
6 xX 10-5 M M. Blue 102 132 046 132 


(100%) (129%) (45%) (129%) 


Se 


respiration is usually stimulated to a lesser extent. It is noteworthy 
that methylene blue raises the respiration of blocked embryos to the 
level which is characteristic for normally developing embryos. 
(Runnstr6om.? ) 

When the respiration of developing embryos is inhibited by cya- 
nide the addition of methylene blue restores respiration to the nor- 
mal level. As is indicated in Table Il 6 X 10° molar methylene 
blue can completely annul the inhibiting effect of 10 molar cyanide. 

The above facts suggest that methylene blue can substitute for 
that portion of the respiratory mechanism which is inactivated either 
naturally as the result of the diapause block or artificially through 
the action of cyanide. 

3’ Runnstrom, J., Protoplasma, 1930, 10, 106. 


+ No antagonism between carbon monoxide and methylene blue has been 
observed. 
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Sonic Extraction of Labile Bacterial Constituents. 


Lestig A. CHAMBERS AND Eart W. FLosporr. (Introduced by 
D. W. Bronk.) 


From the Johnson Foundation for Medical Physics and the Departments of Bac- 
teriology and Pediatrics, University of Pennsylwania. 


Recent investigations have indicated that the killing of certain 
bacteria by available agents destroys or alters at least some of their 
antigenic constituents. Thus the investigations of Felix’ have re- 
vealed a labile virulence (Vi) antigen detected only in living, viru- 
lent strains of Eb. typiu. Similarly, Mudd, Pettit, Lackman and 
Czarnetzky” have found that the antibody responsible for the phago- 
cytosis of a strain of Streptococcus hemolyticus is elicited in rab- 
bits by the injection of living organisms and that the living organ- 
isms will absorb the antibody from immune serum so produced. 
The corresponding bacterial antigen itself has resisted all ordinary 
methods of separation or fractionation. 

Since it has been shown that sonically killed bacteria are disinte- 
grated® * ° and since some heat labile proteins are not denatured 
by the sonic treatment,’ it appeared possible that labile but important 
antigens such as those referred to above might be extracted by an 
adaptation of the method of sonic disintegration. The purpose of 
this paper is to describe the apparatus and technique which we have 
used ; to make brief mention of the antigens obtained thus far; and 
to point out some implications of these observations. 

We have used a modified Pierce magnetostriction oscillator as the 
source of intense vibrations of about 8900 c.p.s. A similar oscillator 
has been described by Gaines’ and was used by Chambers and 
Gaines*® in their earlier work. The circuit design in our apparatus 
differs somewhat from that of Gaines but the essential features of 
the sound source are the same. The electrical circuit we have used 
is shown in Fig. 1. 


1 Felix, A., and Pitt, R. M., Lancet, 1934, 2, 186; Felix, A., and Bhatnagar, 
8. 8., Brit. J. Hap. Path., 16, 422. 

2 Mudd, S., Pettit, H., Lackman, D., and Czarnetzky, E. J., Proc. Am. Assn. 
Path. and Bact., Boston Meeting, 4m. J. Path., 1936 (in press). 

3 Chambers, L. A., and Gaines, N., J. Cell. and Comp. Physiol., 1932, 1, 451. 

4 Harvey, E. N., and Loomis, A. L., J. Bact., 1929, 17, 375. 

5 Williams, O. B., and Gaines, N., J. Infect. Dis., 1930, 47, 485. 

6 Chambers, L. A., and Flosdorf, E. W., J. Biol. Chem., 1936, 114, 75. 

7 Gaines, Newton, Physics, 1932, 3, 209. 
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Fig. 1. 
Cireuit diagram of the electrical oscillator. The polarizing circuit is not included. 


The arrangement of the vibrating element with relation to polar- 
izing and driving coils is illustrated in Fig. 2. The vibrator itself is 
a tube of No. 20 Stubbs gauge, seamless, cold-drawn nickel tubing 
24.6 cm. in length and 1.875 cm. in outside diameter. The upper 
end of the tube is closed by a welded nickel cap as in the original 
Gaines device, but we have found it unnecessary to slit the lower 
half of the tube. Adequate radiation of heat due to eddy currents 
is possible, as described below, when no such kerf is present. 

The nickel tube is actuated by 1250 volt A.C. carried in the coil 
about the midpoint of the tube. Such a position of the driving 
solenoid makes possible a symmetrical distribution of the polarizing 
field provided by the independently excited C shaped electromag- 
netic circuit. The polarizing coil in our apparatus was designed to 
provide 5000 ampere turns, much in excess of the actual require- 
ment. Strength of polarizing field is not critical. 

Operation of the vibrating unit consists in simple tuning of the 
electrical oscillator to resonance with the nickel tube. In the present 
experiments the vibrator was of such size and shape that the sys- 
tem was in resonance at 8900 c.p.s. At that frequency the vibra- 
tion amplitude was of the order of 0.001 cm. or just below the 
critical amplitude required for rupture of the nickel. 
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Fig. 2. 
Diagram showing arrangement of driving and polarizing coils relative to the 
nickel vibrator. The water cooling arrangement is also represented. 


Exposure of bacterial suspensions was accomplished by immersion 
of the capped upper end of the nickel vibrator in the suspension 
contained in a cylindrical glass vessel as shown in Fig. 2. The 
vessel was of about 2.5 cm. internal diameter and extended from 
the middle of the vibrator, where it was connected by a flexible rub- 
ber joint, to a point about 20 cm. above the capped end. The upper 
portion of the vessel was in the form of an inverted cone with an 
apical aperture small enough to permit convenient sterile closure, 
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but large enough to allow passage of a pipette. The entire assembly, 
nickel tube, glass vessel, and rubber joint, was easily removable from 
the coil support and could therefore be sterilized by autoclaving, 
and it could be filled and emptied under aseptic conditions. 

Of primary importance in the present investigation was the prob- 
lem of maintaining a low temperature within the bacterial suspen- 
sion during the entire period of exposure. This was accomplished by 
means of a jet of cold water projected into the open lower end of the 
vibrating tube in a manner similar to that previously described. The 
temperature of the water was about 10° and an adequate flow for 
maintenance of a 15° level in the suspension was found to be about 
2 liters per minute. : 

Labile constituents with antibody combining power have been 
identified in the supernatant liquid obtained by centrifuging sonically 
disintegrated Eberthella typhi and Streptococcus hemolyticus. 

The Eb. typhi culture was a mixture of 3 virulent strains recently 
isolated from carriers and from a severe case. Each strain con- 
tained the “Vi” antigen. The organisms were cultured on infusion 
agar (pH 7.2), and the washings from 8 Roux bottles suspended in 
physiological saline and diluted to a total volume of 20 ml. were 
used for each sonic extraction. Vibration of such a heavy suspen- 
sion resulted in a rapid decrease in opacity until at the end of 45 
minutes the liquid was quite translucent but not completely clear. 
Tests subsequent to exposure showed relatively very few viable 
cells. Microscopically it was possible to distinguish a few intact 
organisms and a few recognizable bacterial fragments but the bulk 
of the suspended material was unorganized. 

After vibration for 45 minutes the suspension was centrifuged 
to remove the debris and bacterial residue. With the collaboration 
of Mr. R. E. Greaves it has been found that the resulting clear 
liquid will precipitate the ‘Vi’ antibody in sera from which all 
somatic and flagellar antibodies had previously been absorbed. After 
precipitation with the sonic material this absorbed serum will no 
longer cause the agglutination of organisms containing the “V1” 
antigen. A full report of the identification of the extracted antigen 
will be published elsewhere. 

Of still greater interest is the new antibody-combining constituent 
extracted in similar manner from Streptococcus hemolyticus. A 
virulent human strain (Griffith’s Type 1) in the mucoid phase and 
of recent animal passage was used. Organisms in 7.5 liters of 18- 
hour infusion broth culture were separated by centrifugalization 
yielding about 2 ml. of solid organisms. They were then suspended 
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in 18 ml. of 0.85% NaCl. The final concentration of living cells 
was of the order of 10” per milliliter. 

Such a suspension was exposed to vibration in the glass treat- 
ment vessel for one hour. It was then centrifugalized to remove 
the debris. By this operation about 18 ml. of clear liquid was re- 
covered. During vibration the same clearing of the suspension 
noted in the case of Eb. typhi occurred, but to a lesser degree. Mi- 
croscopic observation showed a rapid shattering and dispersion of 
clumps and chains, followed by a less rapid disintegration of the 
individual cells. The disintegrative process has been studied in 
detail by one of us (Chambers) and full description is in prepara- 
tion. 

As was true in the case of the typhoid bacillus, the streptococcus 
suspension was not rendered perfectly sterile by one hour of vibra- 
tion. The survival curve is typically logarithmic, its slope being a 
function of the sound intensity—in other words, of the amplitude 
when the frequency is constant. Because of the lack of sterility it 
was necessary to pass the clear supernatant liquid rapidly through a 
Berkefeld filter under conditions permitting a minimum adsorption 
of active material. This was accomplished by dilution of the recov- 
ered 18 ml. with saline to a volume of 72 ml. before filtration. 

The soluble protein contained in the filtrate will absorb from im- 
mune serum the antibody responsible for phagocytosis as shown by 
Mudd, Pettit, Lackman and Czarnetzky, who will publish elsewhere 
a full account of their work. The substance is destroyed by forma- 
lin and is inactivated at pH 10. It is also inactivated by heating for 
30 minutes at 56°; similarly exposure of a suspension of living 
streptococci of this strain to 56° for 30 minutes suffices for steril- 
ization. Furthermore the lability of the antigen is such that it de- 
teriorates completely during three days of storage at 2° to 4°C. It 
may, however, be stored in “lyophile’’* form after rapid drying 
from the frozen state and it will be very unusual if we do not find 
that it can be stored at least a year in this condition without deterior- 
ation. 

The extraction of labile substances from living bacterial cells by 
sonic comminution appears to be a tool of considerable usefulness in 
immunology. The substances extracted thus far may prove of 
great practical importance if studies now under way show that the 
extracts will elicit antibody formation in the experimental animal. 
The implications are obvious. Production of antibodies against an- 
tigens that are destroyed by previously employed means of vaccine 


8 Flosdorf, E. W., and Mudd, S., J. Immunol., 1935, 29, 389. 
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production is of more than theoretical interest since it is these 
antibodies which may be of the greatest importance in combatting 
infection by the more virulent strains of organisms.» *® On the 
other hand, should no results of immediate practical importance re- 
sult from the extraction of the 2 labile substances, the value of the 
sonic method as a research tool in immunology and bacteriology has 
already been demonstrated. For example, known methods of me- 
chanical disintegration, as in the ball mill, are too slow in their 
action to enable the extraction of constituents which deteriorate 
completely during three days of storage at low temperature. Only 
by rapid sonic disintegration combined with lyophile preservation 
has it been possible to obtain the new S. hemolyticus material in 
sufficiently stable form for use in experiments which require more 
than a day for completion. 
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Myohemosglobin Content of the Hypertrophied Heart of 
the Anemic Rat. 


D. W. Cowan anp L. C. Baucuess. (Introduced by H. M. Hines.) 
From the Departments of Physiology and Biochemistry, State University of Iowa. 


The anemia which develops in rats raised on an iron and copper- 
free diet is accompanied by marked cardiac hypertrophy and signifi- 
cant chemical changes in the myocardium. A study of the muscle 
hemoglobin in the hearts of these animals is presented in this paper. 

Most of the methods used were described in an earlier report. 
In the present series, the animals were quickly opened along the 
mid-line while under light ether anesthesia, a cannula inserted into 
the inferior vena cava, and the point forced up past the level of 
the diaphragm. The heart was thus perfused with normal saline 
containing 5% glucose at 37°C. until it ceased to beat. At this 
time, the fluid returning from the heart was practically free of blood 
hemoglobin as indicated by lack of color. The ventricles were then 
carefully severed from the body at the atrioventricular ring. They 
were opened immediately, blotted dry, weighed and analyzed for 
muscle hemoglobin by the procedure described by Whipple.” Blood 


9Day, H. B., J. Path. and Bact., 1933, 37, 169. 
1 Cowan, D. W., Proc. Soc. Exp. Bion. AnD Mep., 1934, 31, 417. 
2 Whipple, G. H., Am. J. Physiol., 1926, 76, 693. 


STAPHYLOCOCCAL ANTIHEMOLYSIN IN OSTEOMYELITIS 637 


hemoglobin determinations were made by the method of Sahli. 
There were 14 anemic rats and 15 littermate controls. The results 
are shown in Table I. 


TABLE I. 
Data Comparison of Anemic Rats with Litter Mate Controls. Each Value Is 
Followed by Its Standard Deviation. 


Litter mate 


controls Anemie rats 
Blood hemoglobin, % 16.5 2: 11 4.livee) 0.8 
Ventricular wt., mg. - 429.3 + 76.3 820.1 + 136.4 
Body wt., gm. AGO! s=ni28 EG | eel lA 
Ventricular wt./body wt. ratio 2.7 + 0.38 9.07 + 1.45 
Muscle hemoglobin in ventricles, mg. % 389. + 60 363. = 58. 
Total muscle hemoglobin in ventricles, mg. 1.63 + 0.14 2.90 + 0.25 
Total muscle hemoglobin in ventricles, 
mg./100 gm. body wt. 1.04 + 0.18 3.27 + 0.67 


The concentration of muscle hemoglobin in the myocardium is 
not significantly different in the 2 series. The total amount of 
muscle hemoglobin is nearly twice as great for the anemic rats, 
owing to the great hypertrophy present in these cases. It is evident 
that in spite of the severe anemia, growing rats have the ability to 
store manufactured muscle hemoglobin in their hearts in amounts 
not only sufficient to meet the demands of normal heart growth, but 
indeed to maintain normal muscle hemoglobin concentration during 
the development of abnormal hypertrophy. 
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Staphylococcal Antihemolysin-Titers Following Staphylococcal 
Toxoid in Chronic Osteomyelitis. 


Joun E. Buair AND FRANCES A. HALLMAN. 
From the Laboratory Division, Hospital for Joint Diseases, New York City. 


The progress of immunization following the therapeutic adminis- 
tration of staphylococcal toxoid to patients with staphylococcal in- 
fections may be followed in the laboratory by the titration of staph- 
ylococcal antitoxin in the sera of these individuals. It is the pur- 
pose of this communication to record the serologic response, as 
measured by repeated titrations of antihemolysin (antitoxin?), in 
a series of 38 patients with chronic osteomyelitis who received ther- 
apeutic injections of staphylococcal toxoid. 
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For the purpose of comparison, it is essential to know the amount 
of circulating antitoxin in the sera of normal individuals, and of 
persons with chronic staphylococcal osteomyelitis before treatment 
with toxoid. A common basis for reference has been made avail- 
able by the establishment of a provisional International Standard 
Staphylococcal Antitoxin.* The range of staphylococcal antihemo- 
lysin in normal, healthy individuals has been reported as about % to 
1 standard International Unit (1.U.) by Dolman,’ as 0.4-0.7 to 
2 1.U., by Murray,® as 0.15-1.5 by Nélis and Poncelet,* and as 1 or 
less by Blair and Hallman.’ 

The general opinion is recorded in the literature that sera from 
cases of osteomyelitis possess antihemolytic titers definitely above 
the normal range. Thus, in 59 cases of subacute and chronic osteo- 
myelitis, Dolman’ reported that titers of 5-6, and occasionally of 
10, I.U. were commonly obtained. Murray® found an average initial 
titer of 11.7 IU. in 7 cases of osteomyelitis. In 5 cases reported 
by Nélis and Poncelet,* titers of 0.8-1.5 I.U. were found in 3 and 
titers of 3 or more units in 2. Blair and Hallman’ have demon- 
strated, in a series of 80 patients with chronic osteomyelitis, that the 
titers of sera of these persons generally fell within the range estab- 
lished as normal, that is, 1 I.U. or less. Only one-fifth of the sera 
from these individuals had an initial titer definitely above normal, 
namely 3 or more units. 

In the present work, staphylococcal toxoid was administered to 
a group of 38 patients with chronic staphylococcal osteomyelitis. 
The majority of the patients presented frank bone-lesions which 
were subjected to radical saucerization, followed by maggot-therapy, 
during the administration of the toxoid. The staphylococcal toxoid 
employed was supplied through the courtesy of Drs. A. F. Coca 
and E. F. Roberts, of the Lederle Laboratories. Following an in- 
itial injection of 20 “units” of toxoid, the dosage was gradually 
increased in 10 successive subcutaneous injections to a maximum 
of 1000 “units”. The maximal dose was repeated in most of the 
cases for 10 or 15 injections. A “unit’’ of staphylococcal toxoid 
is described by the manufacturer as “the toxoid obtained from a 
dermonecrotizing unit of toxin (the least amount of toxin which 
of Nations, 1935, Jan., 68. 

2 Dolman, C. E., Lancet, 1935, 1, 306. 

3 Murray, D. 8., Lancet, 1935, 1, 303. 

4 Nélis, P., and Poncelet, F., Compt. rend. Soc. biol., 1935, 118, 312. 


5 Blair, J. E., and Hallman, F. A., Proc. Soc. Exp. Biot. anD MED., 1935, 
33, 382. 
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on intradermal injection in a susceptible rabbit will produce an 
erythema with a central necrosis at least 5x5 mm. in diameter)”.* 
An average of 10515 “units” of toxoid was administered, in an 
average of 17.9 injections, over periods varying from about 1 to 
4 months. The administration of toxoid, and the clinical manage- 
ment of the cases was done under the supervision of Dr. Joseph 
Buchman, of the Department of Orthopedic Surgery, service of 
Dr. Samuel Kleinberg. 

The course of immunization of each patient was followed in the 
laboratory by the determination at varying intervals of the anti- 
hemolytic titer of the patient’s serum. An initial titration was 
done in each case prior to the beginning of toxoid-therapy, and 
from 2 to 9 titrations were done during and after the course of 
treatment. The titrations were originally done by determining that 
dilution of serum which just inhibited hemolysis of 1% rabbit 
erythrocytes by one M.H.D. of staphylococcal toxin, after incuba- 
tion for one hour at 37°C. Subsequently, a sample of the Inter- 
national Standard Antitoxin was obtained through the courtesy of 
Dr. Hartley, and after suitable preliminary tests, our sera were 
titrated in terms of that standard. The titers recorded in this paper 
are in International Units. 

Preliminary to titrating sera in terms of the International Stand- 
ard, the toxin employed was first standardized. This was done by 
setting up a series of tubes, each containing decreasing quantities 
of toxin, made up to 0.5 cc. with physiologic salt-solution, and one 
unit of Standard Antitoxin (so diluted that one unit was contained 
in 1 cc.). After incubation at 37°C. for 15 minutes, 0.5 cc. of a 
twice-washed suspension of 4% rabbit-erythrocytes was added to 
each tube, giving a final concentration of 1%, and incubation was 
continued for one hour at 37°C. The amount of toxin which just 
caused hemolysis represented the “test-dose” of toxin. 

In titrating serum, one cc. each of varying dilutions of the serum 
was placed in a series of tubes, and to each was added the test-dose 
of previously standardized toxin, made up to 0.5 cc. After incuba- 
tion for 15 minutes at 37°C., 0.5 cc. of 4% erythrocytes was added 
to each tube, the tubes were shaken, and incubated for one hour at 
37°C. The dilution at which hemolysis was just discernible rep- 
resented the titer of the serum. As controls, from 4 to 6 previously 
titrated sera were always run with each lot of new sera. Agreement 
of the controls with previous results was required before accepting 
the titrations of the new sera. 


* This description is given in a folder accompanying each vial of toxoid. 
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In both tests we have found it convenient to centrifugate the 
tubes when they were removed from the waterbath for final reading, 
as the clear supernatants allowed more precise reading of small 
degrees of hemolysis. It is essential to use rabbit-erythrocytes in 
all hemolytic titrations of staphylococcal toxin and antitoxin. 

The toxin used was prepared from the “Ha” strain of Staphylo- 
coccus aureus, isolated by Dr. Burky. Our culture was obtained 
through the courtesy of Dr. Roberts, of the Lederle Laboratories. 
Cultures were grown in semisolid (0.3%) agar, in an atmosphere 
of 30% CO, for 48 hours at 37°C. The culture was then drained 
through gauze, and filtered through a Seitz filter. The potency of 
the filtrate (toxin) was demonstrated by dermonecrotic and lethal 
tests on rabbits, and by hemolytic tests. 

We found a definite rise in antihemolytic titer in the sera of all 
of the 38 cases following administration of staphylococcal toxoid. 
The increase from initial to maximal titers is recorded in Table I. 

TABLE I 


Increase of Antihemolytic Titer Following Staphylococcal Toxoid-Therapy in 
Chronic Osteomyelitis. 


No. Initial — —— Maximal Titers ——_——______ 
Sera Titer 1.1 2.2 3.3 44 5.5 6.6 7.7 8.8 10 12.2 13.3 14.4 15.5 17.7 28.8 

8 0.25 2 ph 0 Bata 

9 0.5 2 pila Bega Eee 1 1 

9 11 Bh a2 1 

5 2.2 1 1 2 1 

3 3.3 2 1 

2 4.4 ; 1 1 

1 5.5 1 

1 6.6 1 
38 Re a Arent MUL: SUN STM ai i elt 2p 1 1 1 2 1 2 


Titers are recorded in terms of International Units. 


The results obtained confirm the findings of Dolman in cases of 
osteomyelitis, and of Murray and others in superficial staphylococcal 
infections. These workers have found that the titer usually in- 
creases 5- to 10-fold subsequent to the administration of 4 to 8 
injections of toxoid.” * In our series of 38 cases, the titers of 19 
were increased 5- to 10-fold; the titers of 31 were increased 2- to 
10-fold, and the titers of 7 were increased 12 to 34 times. In every 
instance, however, the number of injections of toxoid necessary to 
raise the titer of sera to their maximum was greater than has been 
reported by others, the average number being about 13. The 
maximal titer obtained in the series was 28.8 I.U. This titer was 
obtained in the sera of 2 patients, and represented an increase of 
4.5 and 7 times the initial titers. 
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It appears that certain individuals are better able than others to 
respond to the antigenic stimulus of infection or of artificially in- 
troduced toxoid. This is shown by the fact that those sera which 
reached the highest titers (10 units or more) attained their maximal 
levels in a definitely shorter time than those whose maxima were 
lower (4.4 units or less) ; the former group required an average of 
44 days, while sera in the latter group reached their maximal level 
in about 71 days. In addition, most of the sera in the former group 
had initial titers above the normal range. 

It has been previously observed that the titers obtained following 
toxoid-therapy do not remain maximal, but drop to a level which is 
usually higher than the initial titers.” * We found a similar drop 
in titers. This occurred about 14%-2 months after the cessation of 
toxoid-therapy in 29 individuals, and during the course of injections 
in 9. In the latter group the titer dropped and did not again rise in 
spite of continued injections of toxoid. In the entire group, the 
titers of 4 patients dropped to a level lower than the initial titers; 
the titers of 2 dropped to a level equal to the initial titers; and the 
titers of the remaining 32 dropped to a level higher than the original 
titers. The level finally reached in the majority of instances was 
from 2 to 8 times higher than the initial titer. We found no rela- 
tionship between the maximal titers obtained and the final levels to 
which they fell. Neither was there any relationship between the 
extent of the rise of titers and the final levels. We have found that 
in general the higher titers fell somewhat more precipitously than 
the lower titers. 

The authors submitted themselves to a course of administration 
of toxoid entirely comparable to an average course received by the 
patients. Their initial titers, which were 0.18 and 0.55 I.U., increased 
4 and 6 times, respectively. Three months after the administration 
of toxoid had been stopped, the titer of one was still at the maxi- 
mal level of 4 times the initial titer, while the titer of the other had 
dropped to a level 4 times the initial titer. 

A detailed description of the clinical results following staphylo- 
coccal toxoid-therapy is to be made by Dr. Buchman. Briefly, it 
may be stated that the serologic response of the patients was not 
paralleled by a corresponding improvement in their clinical condition. 

Summary. Following the administration of staphylococcal toxoid 
to a group of 38 patients with chronic staphylococcal osteomyelitis 
there was a definite increase in the staphylococcal antihemolytic 
titer, ranging from 2 to 34 times the initial titer. The titers fell, 
after a varying interval, from the maximum to a level which was 
generally higher than the initial titer. The definite increase in 
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antihemolysin titer was not paralleled by a corresponding improve- 
ment in the patients’ clinical condition. 
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Ascorbic Acid Metabolism in Tuberculosis. 


Frep H. HetsE anp Gustav J. Martin. (Introduced by L. U. 
Gardner. ) 


From the Trudeau Research and Clinical Laboratory, Trudeau, N. Y. 


The literature relating to experimental animals indicates de- 
creased resistance to tuberculous infection in animals on vitamin C 
deficient diets.~° Conversely, animals with chronic disease are more 
easily precipitated into acute scurvy.* Clinical reports» °° have 
appeared to the effect that scurvy renders a patient increasingly 
susceptible to tuberculosis, while the addition of vitamin C to the 
diet improves the prognosis in these cases. With the development 
of knowledge concerning subclinical vitamin deficiencies” *® and of 
a method of judging the state of ascorbic acid nutrition in the 
human,” the study of this substance in its relation to tuberculosis 
was indicated. 

Schroeder has reported an increased requirement of vitamin C 
in tuberculosis. Three cases were studied: 2 for a period of 5 days 
during which they were fed 300 mg. of ascorbic acid daily. The 
report of Bullowa, et al.,*? shows in one tuberculous patient a re- 
duced excretion of vitamin C but with prolonged dosage of ascorbic 
acid a high peak was reached which fell rapidly on discontinuing 
the treatment. 


1 Hojer, J. A., Act. Pediat., 1924, 3, supplement. 
2 Coulard, E., Presse med., 1923, 81, 611. 
3 Heymann, B., Klin. Wehnschr., 1926, 5, 59. 
4 Bieling, R., Deutsche med. Wchnschr., 1927, 58, 182. 
5 Mouriquand, G., Rochaux, A., Dosdet, L., C. rend. de Soc. de Biol., 1925, 
93, 901. 
6 Hojer, J. A., and Westin, G., Dental Cosmos, 1925, 67, 1. 
7 Nassau, H., and Singer, M. J., Jahrb. f. Kinderheilk., 1922, 98, 44. 
8 Von Niedner, Med. Klinik., 1918, 14, 333. 
9 Gothlin, G. F., Natwre, 1934, 134, 569. 
10 Harris, L. J., and Ray, S. N., The Lancet, 1935, 1,71; Abbasy, M. A., Harris, 
L. J., Ray, 8. N., and Marrack, J. R., The Lancet, 1935, 2, 1399. 
11 Schroeder, Hermann, Klin. Wehnschr., 1935, 14, 484. 
12 Bullowa, J. G., Rothstein, I. A., Ratish, H. D., and Harde, E., Proc. Soc. 
Exp. Bion. AND MED., 1936, 34, 1. 
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The present study includes 44 cases with minimal, moderately 
advanced and far advanced tuberculosis; with every stage of activity 
under each type as shown by X-ray, symptomatology, and sedi- 
mentation rates. 

A consideration of the daily excretion of vitamin C of patients 
with no complications, on the sanatorium diet, permits a rough 
classification into 4 groups: those excreting from 0 to 5 mg. of 
ascorbic acid daily; those from 5 to 8 mg.; those from 8 to 14 mg., 
and a fourth group comprising those excreting over 14 mg. daily. 
The method developed by Tillmans, e¢ al.,** and Harris and Ray** 
for the estimation of vitamin C excretion in urine by titration 
against phenolindophenol was used throughout. —Twenty-four-hour 
samples were collected, using glacial acetic acid as a preservative. 
In the group from 0 to 5 mg. daily excretion, there are 6 cases, 5 
of which have active tuberculosis and one with questionable activity. 
This group consists of moderately and far advanced cases. The 
second group, 5 to 8 mg. daily excretion, has 14 cases, 5 of which 
are inactive and 9, or 70%, active. The group from 8 to 14 mg. 
comprises 21 cases with 7 active and 14, or 66%, inactive. The 
group 14 mg. or above contains 13 cases, one of which is active 
and 12, or 93%, inactive. This shows a rough parallelism between 
activity in uncomplicated tuberculosis and the daily excretion of 
ascorbic acid on a controlled diet. The factor of complications of 
the disease must be emphasized as it is realized that such conditions 
as acute sinusitis, etc., might render the determination valueless as 
an indication of the activity of the tuberculous process. 

The second method of classification, namely, the response to a 
4 oz. orange juice supplement to the diet (4 oz. of orange juice 
containing 55 mg. of ascorbic acid as determined by titration with 
phenolindophenol) offers a more accurate division according to ac- 
tivity. Two groups are here considered, one giving a positive re- 
sponse, the other a negative. A positive response is considered as 
an increase in excretion of ascorbic acid above 16 mg. daily within 
2 weeks after the daily dose of 4 oz. of orange juice is instituted. 
The negative group here comprises 10 cases of which 80% are 
active. The positive group comprises 14 cases of which 100% are 
inactive. Again, it is to be emphasized that this report deals with 
uncomplicated disease. 

The amount of ascorbic acid required daily by a normal healthy 
individual is from 15 to 20 mg. daily, whereas from our tests it 


13 Tillmans, J., Hirsch, P., and Hirsch, W., Z. Untersuch. Lebens., 1932, 68, 1. 
14 Harris, L. J.. and Ray, S. N., Biochem. J., 1933, 27, 303. 
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would seem that between 55 and 138 mg. of ascorbic acid daily are 
required to bring a tuberculous patient into equilibrium as regards 
vitamin C nutrition. In one case dosages above 200 mg. daily did 
not cause a positive reaction. 

The investigation is being extended to demonstrate the require- 
ments of vitamin C in tuberculosis and the possible prognostic value 
of determinations of the daily excretion of ascorbic acid. The present 
indications are that an increased requirement of ascorbic acid is 
manifested in tuberculosis and that the determination of the daily 
excretion seems to parallel determinations of activity made roent- 
genologically. 
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Electric Potentials in Normal, Castrate, and Theelin 
Treated Rats.* 


Puitte V. Rocers. (Introduced by E. Allen.) 


From the Department of Anatomy, Yale University School of Medicine. 


The development of the Burr-Lane vacuum tube microvoltmeter 
has opened up a new field in endocrine research. With the use of 
this machine a study of the electrical changes taking place during the 
reproductive cycle has been undertaken* since it has already been 
found that the instant of ovulation in the rabbit may be determined 
by the microvoltmeter.” ° The following is a report of experiments 
with rats designed to record the electrical changes that take place 
during the normal oestrous cycle, and the effects of ovariectomy 
and of hormonal injections upon these changes. 

In normal rats the difference in electrical potential between the 
vagina and the symphysis pubis changes greatly during the oestrous 
cycle. Daily readings taken while the animals were anesthetized 
with sodium amytal} have been completed on 35 female rats, from 
2 to 8 months old, over periods varying from 10 to 30 days. In all 
cases vaginal smears were taken immediately before making the elec- 
trical readings in order to insure a close time correlation between the 

* Aided in part by a grant from the Fluid Research Funds of Yale, adminis- 
tered by Professor Edgar Allen. 

1 Rogers, P. V., Anat. Rec. (Suppl.), 1936, 64, 40. 

2 Burr, H. §., Hill, R. T., and Allen, E., Proc. Soc. Exp. Bion. anD Mep., 1935, 
33, 109. 

3 Hill, R. T., Allen, E., and Kramer, T. C., Anat. Rec., 1935, 68, 239, 

+ Supplied by the Eli Lilly Company. 
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2 determinations. When these readings are plotted a very definite 
type of curve (Fig. 1) is obtained which is repeated during each 
cycle. When an animal is in oestrus, as shown by the cornified 
smear, the vagina is negative to the symphysis by several thousand 
microvolts. There then follows a sudden drop in the potential as 
the animal goes into postoestrus. In many cases at this time a re- 
versal in polarity occurs so that for one reading the vagina is posi- 
tive to the symphysis. During the period of dioestrus the potential 
remains low. As pro-oestrus approaches there is a gradual rise 
until the oestrous peak is once more attained. In 50% of the cases 
a lesser rise occurs 2 days before the animal comes into heat. Due 
to the fact that readings were taken only once a day this intermediate 
peak, occurring before pro-oestrus, may take place more often than 
recorded. This rise is not so great as that at oestrus, but is far 
above highest dioestrous records. 

Removal of the ovaries results in an entirely different type of 
curve (Fig. 2). Instead of being cyclic in nature the daily read- 
ings vary in relation to each other so that the curve is quite pat- 
ternless. The potential differences may be very great, even greater 
than in normal oestrus, rather than small as might be expected. 

About 19 hours after injecting theelint into castrate rats there 
is always a definite rise in the potential above the castrate level (Fig. 
3). This peak seems to be comparable to the preoestrous rise that 
occurs in the normal rat. As in the normal animal, there is a drop 
before the rat comes into oestrus. When aqueous theelin is given 
(22 rats) the animal comes into oestrus during the third day, stays 
in for a short time, and then goes into postoestrus. During the 
period of cornification in these rats the electrical readings are high, 
forming a definite oestrous peak. This, as in the normal rat, is 
followed by a drop as the animal goes out of oestrus. When theelin 


¢ The aqueous theelin and theelin-in-oil were furnished by Parke, Davis & Co. 
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in oil is given the animals remain in heat for a longer time. These 
rats again show the rise about 19 hours after theelin injection but, in 
8 out of 9 rats thus far studied, there is no second rise on the third 
day when they come into heat. The readings remain low until a 
few hours before postoestrus sets in when the expected rise in po- 
tential occurs. Further tests of these reactions are being made to 
ascertain if electric potentials are constant enough to furnish a unit 
of measurement for estrogenic substances. 

Summary. In normal rats the difference in electrical potential 
between the symphysis pubis and the vagina is much greater at 
oestrus than during the rest of the cycle. Readings from castrate 
animals form a patternless type of curve. Administration of theelin 
causes two rises in potential: nineteen hours after the first injec- 
tion, and just before the animal passes out of oestrus. 
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Basal Metabolism in Experimental Anemias. 


Kuo-CHEN CH’EN AND HstA0-CH’IEN CHANG. 
From the Department of Medicine, Peiping Union Medical College, Peiping, China. 


Basal metabolic changes have been observed in various types of 
anemia and in different stages of the same anemia. A number of 
theories have been advanced to explain this phenomenon, among 
which may be mentioned the hematopoietic activity’ and the pres- 
ence of immature cells in the blood.” While immature erythrocytes 


1Jeney, A., J. Exp. Méd., 1927, 46, 689. 
2 Alt, H. L., Arch. Int. Med., 1929, 48, 488. 
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do consume more oxygen than normal red blood cells,*> one can 
hardly expect them to appreciably influence the total metabolism 
since they constitute such a small fraction of the body mass. Bald- 
ridge and his associates*” seem to have shown, in their recent in- 
vestigation, a reciprocal relationship between the oxygen consump- 
tion and the nitrogen balance in various blood diseases but they, too, 
do not doubt the part sometimes played by the circulating reticu- 
locytes in raising the respiratory metabolism.* The present study is 
planned to inquire into this particular question and to ascertain the 
behavior of the gaseous exchange in anemias produced by different 
methods. 

Young male adult albino rats of approximately the same age and 
weight (about 300 gm.) were used. Their normal oxygen con- 
sumption in the post-absorptive state was determined by repeated 
estimations according to the method of Davis and van Dyke.® 
Anemia was produced in one group of the animals by intraperitoneal 
injection of phenylhydrazine hydrochloride, 10 mg. per 100 gm. of 
body weight. In another group the rats were bled from the tail, 
about 2 cc. daily. Throughout the experimental period the fol- 
lowing data were collected by standard methods: Body weight, 
oxygen consumption, body temperature, red and white blood cell 
counts, hemoglobin content, hematocrit reading, morphology of 
stained blood-smear, differential count and reticulocyte count. If 
the animal survived through the experiment it was sacrificed and 
autopsied. 

All animals lost some weight in the course of the experiment, 
usually not exceeding 40 gm. The picture of the bone marrow is 
essentially the same in the 2 types of anemia, namely, marked hy- 
perplasia involving both myelocytic and erythroblastic elements 
and nearly always some megaloblastic blood formation. In the 
first group only 4 animals were successfully studied, the majority 
succumbed too early to permit observation for a sufficiently long 
period. In them the phenylhydrazine produced a prompt drop of 
the red cell count and hemoglobin concentration. The reticulocyte 
count rose steadily, reached its maximum (varying between 45 and 
50%) in from 5 to 8 days, and after being maintained at that 
level for about 2 days, declined slowly. Immediately following the 
injection of the drug the oxygen consumption showed a rise to 

3 Harrop, G. A., Arch. Int. Med., 1919, 28, 745. 

4 Baldridge, C. W., and Barer, A., J. Clin. Invest., 1931, 10, 529. 

5 Baldridge, C. W., and Barer, A., Arch. Int. Med., 1933, 51, 589. 

6 Barer, A., Paul, W. D., and Baldridge, C. W., J. Clin. Invest., 1934, 18, 15. 


7 Baldridge, C. W., Arch. Int. Mad., 1934, 54, 517. 
8 Davis, J. E., and van Dyke, H. B., J. Biol. Chem., 1932, 95, 73. 
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from 10 to 30% above the control level but this rise only lasted for 
from 1 to 4 days. The peak of the reticulocyte curve lagged from 
4 to 8 days behind the rise of metabolism. Leucocytosis and increase 
of the polymorphonuclear neutrophils accompanied the anemia. 

In the second group in which the blood was depleted by bleeding, 
the red blood cell count and hemoglobin concentration dropped more 
slowly than in the preceding group but eventually reached just as 
low a level and remained there for a long time, as long as the bleed- 
ing was continued. A reticulocytosis of about 40% also took place 
in the course of from 10 to 12 days. The oxygen consumption, on 
the other hand, showed no significant change throughout the experi- 
mental period, nor after the discontinuation of bleeding. No marked 
leucocytosis occurred in this group. 

In these experiments strict parallelism did not exist between the 
oxygen consumption and the reticulocyte count. In the phenylhy- 
drazine anemia the increase in metabolism was fleeting in character 
and was manifest before the reticulocyte response reached its climax 
while in the post-hemorrhagic anemia the energy exchange showed 
no significant deviation from normal, during or after reticulocytosis. 
In the light of Baldridge’s work the explanation of this difference 
seems evident. That is, in phenylhydrazine anemia there is an 
enormous destruction of the red blood cells to account for the tran- 
sient increase in metabolism. In both conditions active hemato- 
poiesis and high reticulocytosis are present but these changes per se 
do not seem to result in any marked alteration of the respiratory 
metabolism. This clearly shows that the metabolism of the imma- 
ture blood cells contributes very little to the total oxygen consump- 
tion and that the basal metabolic changes in various blood diseases 
are dependent upon some other factor, such as increase of nitrogen 
catabolism as a result of blood cell destruction. 
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Experimental Virus Infections in Chinese Hamster. 
II. Susceptibility to Street Rabies Virus. 


Avgert C. H. Yen. (Introduced by C. E. Lim.) 


From the Department of Bacteriology and Immunology, Peiping Union Medical 
College, Peiping, China. 


It has been noted’ that the Chinese hamster is susceptible to fixed 
rabies virus, but its susceptibility to street rabies virus still remains to 


1Yen, A. C. H., Proc. Soc. Exp., Bron. AND Mup., 1936, $4, 315. 
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be determined. Observations on its behavior to infection by a strain 
of street rabies virus are, therefore, described here. 

A fresh local strain of street rabies virus from dog was used in the 
present study. The original virus preserved in 50% glycerine was 
thoroughly ground in a sterile mortar and suspended in saline solu- 
tion for inoculation. Chinese hamsters weighing 20-30 gm. were 
divided into several groups and each was separately inoculated with 
various dilutions of the dog brain virus through different routes as 
indicated in the table. The technique of inoculation was similar to 
that used previously.» The records of observations made on the 
incubation period, mortality, and days of death in relation to routes 
of inoculation and concentration of virus introduced are summarized 
in Table I. 

Ten to 20 days after inoculation with the virus, the infected ani- 
mals began to show increased excitability, which became very pro- 
nounced within 24 hours after its first appearance. The animals 
generally ran about constantly and bit the wire mesh of the cage. 
The movements of the body were shaky and unsteady. Fits of con- 
vulsion, especially when the animals were irritated, soon followed. 
Feedings were poorly taken and emaciation became noticeable. After 
2 or 3 days of excitement, weakness or paralysis of the hind legs 
usually could be noted. In some animals, however, paralysis was 
observed to start from the front limbs. The animals usually died 
in 2 to 3 days after showing the first symptoms of excitement. 
When the course is acute as in animals inoculated intracerebrally 
with high concentration (1:400) of the virus suspension, death 
may result in 2-3 days after development of excitement without 
showing weakness of limbs. 

The effectiveness of administration of the virus through different 
routes decreased in the following order: intracerebral, intramuscu- 
lar, subcutaneous, and intraperitoneal. The first route was by far 
the most effective as fatal infection resulted with inoculation of 
virus suspension diluted as high as 1 to 1,000,000. The incubation 
time and day of death varied with two factors, namely the con- 
centration of virus suspension and route of its introduction. When 
concentrated virus suspension was given, the incubation time and 
day of death tended to be shortened. They were also shortest when 
virus was introduced intracerebrally but were lengthened by 2 to 
12 days when virus was introduced through other routes. 

In brains of animals showing symptoms of the infection, Negri 
bodies were regularly found in the neurone cells of Ammon’s horn 
and Purkinje cells of the cerebellum. The method used for the 
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preparation of the sections was the same as described before.» The 
size of the Negri bodies varies from 3x4y, to 6x8y. Not infre- 
quently, 2 or 3 Negri bodies were seen in the cytoplasm of one 
neurone cell. 

It is of interest to note that, from brains of hamsters dead of the 
infection, the virus (hamster passage virus) could be recovered, 
which was still infective for rabbits and white mice. But in con- 
trast to the high infectivity of the original dog brain virus, the 
hamster passage virus, when inoculated intracerebrally in normal 
hamsters in concentration of 1:400, caused deaths of only 3 of 10 
animals inoculated. These 3 animals died within 18-22 days with 
typical symptoms. The remaining 7 animals remained alive for over 
5 weeks without showing any symptoms. Examination of the 
brains of the three dead animals and of three of the surviving ani- 
mals killed by ether 4 weeks after inoculation of the virus, showed 
the presence of numerous Negri bodies only in the animals that died. 
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Distribution of Precipitin in Serum Globulins of Different 
Species of Animals. 


Bacon F. Cuow. (Introduced by Hsien Wu.) 


From the Department of Biochemistry, Peiping Union Medical College, Peiping, 
China. 


Through the extensive investigations in different laboratories the 
antibodies in antipneumococcus horse serum (Type 1) have been 
isolated in a relatively pure form,’ and the chemical groupings re- 
sponsible for the biological activities have been determined. Com- 
paratively few studies have been made on the corresponding type of 
rabbit immune serum. 

That immune rabbit and horse sera possess different immunolog- 
ical properties is well known, and their distinguishing characteris- 
tics have been summarized.’ It is therefore of interest to find out 
whether the antibody is similarly distributed in the pseudo- and 
euglobulin fractions of the two sera. Thus globulins from the 2 
immune sera, which contain all the antibody were fractionated into 
pseudo- and euglobulin portions. The amount and the biological 
activity, as measured by the maximum amount of protein precip- 


1 Chow, B. F., and Goebel, W. F., J. Exp. Med., 1935, 62, 179. 
2 Horsfall, F. L., and Goodner, K., J. Hap. Med., 1935, 62, 485. 
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itable by the homologous polysaccharide,* were quantitatively de- 

termined‘ for each fraction. A horse and several rabbits were im- 

munized in the usual manner with the same strain of heat-killed 

pneumococci (Type I) and finally with live cultures. Freshly 

prepared sera from the 2 species of animals were used for the fol- 
Horse immune serum (100 ec.) 


900 ec. cold water 
adjust to pH = 5.5 


Solution Globulins 
(no activity) dissolve in 
0.85% NaCl 


Solution (50 ce.) 
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(4% saturation) 


Euglobulin Pseudoglobulin 
dissolve in 25 ec. saturated 
0.85% NaCl (NH4) 2804 
Solution (% saturation) 
dialyze Vs. Pseudoglobulin 
0.005 M buffer dissolve in 
pH = 5.5 0.85% NaCI 
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Insoluble Soluble dialyze Vs. 
euglobulin euglobulin 0.005 M buffer 
pH = 55 
Insoluble Solable 
pseudoglobulin pseudoglobulin 
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pH = 7.6 


Precipitate Solution 
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Rabbit immune serum (100 ec.) 
50 ec. saturated 
(NH4) S04 

(4% saturation) 


| 
Euglobulin Solution 


dissolve in 50 ce. saturated 
30 ec. (NH4) 280, 
0.85% | (% saturation) 
NaCl PERNT GT AUT ORR Ree aT 
Solution Pseudoglobulin Albumin 
| dialyze Vs. dissolve (no activity) 
0.005 in 50 ce. of 
M buffer 0.85% 
pH = 5.5 Solution 
| dialyze Vs. 
Insoluble Soluble 0.005 M buffer 
euglobulin euglobulin F pH = 5.5 
Insoluble Solbble 


pseudoglobulin pseudoglobulin 


38 Chow, B. F., Proc. Soc. Exp. Biou. AND MeEp., 1935. 
4 Heidelberger, M., and Kendall, F. E., J. Hap. Med., 1929, 50, 809. 
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lowing experiments. Felton’ has shown that practically all anti- 
bodies of antipneumococcus Type I immune horse serum are pre- 
cipitated by a 10-fold dilution with water. This globulin fraction 
was therefore used as starting material for fractionation with am- 
monium sulfate. In the case of immune rabbit serum, only a small 
portion of the total globulin was precipitated with a 10-fold dilu- 
tion with water. Unlike the immune horse serum, the precipitable 
globulin contained no activity. The eu- and pseudoglobulin frac- 
tions were obtained directly from the immune serum at % and %4 
saturation of ammonium sulfate, respectively. The schemes of 
fractionation are shown on the preceding page. 

The relative quantity and the maximum amount of protein pre- 
cipitable by the homologous polysaccharide in each fraction are 
shown in Table I. 


TABLE I. 
Horse immune serum Rabbit immune serum 
% of protein % of protein 
% ofthe precipitable % of the precipitable 
total serum by the total serum by the 
protein polysaccharide protein polysaccharide 
Insoluble euglobulin 3.0 10.0 8.3 16.5 
Soluble euglobulin 1.5 11.5 4.9 29.6 
Insoluble pseudoglobulin 2.0 20.0 ask 5.0 
Soluble pseudoglobulin 8.0 65.0 10.2 26.0 


The results of this comparative study bring out two striking dif- 
ferences between the immune sera of the two species of animals. 
The first is that in horse serum the antibody in pseudoglobulin 
fraction soluble in a buffer (0.005 M) at pH = 5.5 is completely 
precipitated when the pH of the solution is adjusted to 7.6. Where- 
as from a corresponding fraction of the rabbit immune serum no 
trace of precipitate is obtained. The second difference is that in 
the case of immune horse serum, the main part of the antibody is 
concentrated in the pseudoglobulin fraction, whereas the opposite 
is true with the immune rabbit serum, that is, the euglobulin frac- 
tions contain the major portion of the antibody. 


5 Felton, L. D., Boston Med. and Surg. J., 1924, 190, 815; J. Infect. Dis., 
1925, 37, 199, 309. 
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The Incidence of the Newer Types (Cooper) of Pneumococcus 
in Peiping. 


C. J. Wu anp S. H. Za. 


From the Department of Public Health and Department of Bacteriology and 
Immunology, Peiping Union Medical College, Peiping, China. 


In a: previous study on pneumococcal lobar pneumonia as oc- 
curring in Peiping* it was pointed out that the distribution of the 
various types of pneumococci according to the old classification com- 
pared closely with the experience in America. Recently, Cooper 
and her associates” by the use of specific agglutinative tests have 
separated those strains of pneumococcus hitherto designated as 
Group IV into 29 types and have produced specific antisera for a 
few of these types for therapeutic use. This finding has been sub- 
stantiated by other workers and Group IV strains isolated from 
normal people as well as from pneumonic patients have been so 
classified. 

Since January, 1935, we have been interested in the type-distri- 
bution of pneumococci isolated from routine cultures made of 
patients with a variety of diseases and have been able to classify a 
number of the Group IV strains. We are indebted to Miss Cooper 
who kindly supplied us with diagnostic sera. 

Though it is impossible, on account of the small number tested, 
to make any generalization concerning the preponderance or scar- 
city of any one particular type, the distribution corresponds well 
with that found by other workers. In addition, a few more points 
of interest may be mentioned. Of the 22 cases of lobar pneumonia 
in adults 8 were due to Type V and 5 to Type IX. Eleven of these 
patients had bacteremia and 3 empyema; 8 died. Bronchopneumonia 
as a terminal complication in adult patients is found to be caused 
by a great variety of types. Pneumonias caused by these newer 
types is a very grave condition in, children. The majority of our 
patients died. Of particular interest is the fact that 7 of the 22 
cases in this series were caused by Type XIV, whose importance 
as a cause of pneumonia in children has been pointed out by Nemir,® 
Bullowa* and others. These authors also demonstrated the efficacy 

1Wu, ©. J., and Chiu, T. Y., Chinese M. J., 1933, 47, 545. 

2 Cooper, G., Rosentein, C., Walter, A., and Leizer, A., J. Bap. Med., 1929, 
49, 461; ibid., 1932, 55, 531. 

3 Nemir, R. L., J. Ped., 1934, 8, 827. 

4 Bullowa, J. G., J. Clin. Invest., 1935, 14, 273. 
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TABLE I. 
Types (Cooper) of Pneumococcus as Encountered in Peiping. 
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of treatment of such cases with the specific Type XIV antiserum. 
The especial virulence of Type XIV for young children and babies 
was further borne out by the fact that 5 of our 7 cases developed 
purulent meningitis due to the same type, 6 had bacteremia and all 
cases ended fatally. Four strains with typical cultural characteris- 
tics and virulence for mice failed to be agglutinated by any of the 
sera used. These are now being further investigated. 
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Antigenicity of Diphtheric Toxin Subjected to Photodynamic 
Action of Methylene Blue. 


F.C. Lin. (Introduced by S. H. Zia.) 


From the Department of Bacteriology and Immunology, Peiping Union Medical 
College, Peiping, China. 


Although the inactivating effect of methylene blue in the presence 
of light on bacteriophage, viruses, toxins and bacteria has been 
generally agreed upon, the antigenicity of substances so treated is 
still disputed. Some reports have been positive,* others, negative.’ 
Our observations indicate that definite antigenic property is pos- 
sessed by photodynamically inactivated diphtheric toxin. 

A single batch of toxin containing 400 M.L.D. per ce. (original 
titre 2000 M.L.D. per cc.) and one of toxoid (20 Lf. per cc.) ob- 
tained from the National Epidemic Prevention Bureau were used 
in this study. Before exposure to the photodynamic action of 
methylene blue (concentration of dye 4x10°) in sunlight, the toxin 
was diluted 1:25 with sterile saline; when electric light? was used, 
the dilution was 1:100. Normal guinea pigs of approximately the 
same weight were divided into 3 groups of 7 each. All animals of 
the first group received 8 biweekly subcutaneous injections of 5 cc. 
of diluted detoxified toxin subjected to the action of sunlight and 
dye; those of the second group, 8 injections of 5 cc. of diluted de- 
toxified toxin treated with electric light and dye; those of the third 
group, 8 injections of 0.2 cc. toxoid. One month after the last 
injection, different amounts of diphtheric toxin were given to all 
animals in these 3 groups. It was found that the animals of the 
first and second groups could withstand the toxin up to 640*-960 
M.L.D, while those of the third up to 160-320 M.L.D. It is ob- 
vious that the toxin after treatment with light and dye still possessed 
the power of provoking active immunity to a degree even higher 
than that produced by injections of toxoid. 

The production of circulating antitoxin was studied in 6 rabbits 
divided in 3 groups. Each group was given injections either of 


1Perdrau, J. R., and Todd, C., J. Comp. Path. and Ther., 1933, 46, 76; 
Galloway, I. A., Brit. J. Hap. Path., 1934, 15, 97. 

2 Shortt, H. E., and Brooks, A. G., Indian J. M. Res., 1935, 22, 557; Shortt, 
H. E., and Mallick, S. M. K., Indian J. M. Res., 1935, 22, 529; Lippert, K. M., 
J. Immun., 1935, 28, 193. 

3 Lin, F. C., Proc. Soc. Exp. Bron. AND Mzp., 1935, 38, 337. 

* M.L.D. was caleulated according to the individual body-weight. 
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sunlight- and dye-treated toxin, electric light- and dye-treated toxin 
or of toxoid in doses and intervals similar to those described above 
for guinea pigs. Ten days after the last injection it was found that 
the average amount of toxin that could be neutralized by 1 cc. of 
serum in 30 minutes at room temperature, was 10 M.L.D. for the 
animals of the first group, 25 M.L.D. for those of the second group, 
and 4 M.L.D. for those of the third group. 

Traces of residual toxin in the photodynamically treated material 
were demonstrated by the development of late paralysis in some 
guinea pigs after having received repeated large doses of the treated 
toxin. The possibility of this residual toxin being partially respon- 
sible for the antigenicity of the detoxified toxin can not be excluded. 
But in view of the high immunity produced the result is comparable 
to that obtained by the use of toxoid with the addition of sublethal 
doses of active toxin. 
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Comparison of the Antigenicity of Three Forms of 
Staphylococcal Toxoid. 


Keu-Hune Li. (Introduced by Richard H. P. Sia.) 


From the Department of Medicine and the Department of Public Health, Pevping 
Union Medical College, Peiping. 


In the preceding report it was shown that staphylococcal toxin 
after complete detoxification by the photodynamic action of 
methylene blue still retains its antigenic property. This note records 
the results of a preliminary study of the antigenic value of this 
“methylene blue toxoid’ in comparison with 2 other common 
forms. 

Materials and methods. (a) A single lot of toxin, No. 9669F, 
was used for the preparation of the 3 forms of toxoid. Formol-tox- 
oid was prepared with 0.3% formalin. The alum-precipitated formol- 
toxoid was made by the method of Wells, Graham and Havens.* 
A third portion of toxin was treated with methylene blue, 1 :50,000, 
and exposed to direct sunlight for 3 hours. The 3 toxoids did not 
hemolyze rabbit-erythrocytes. Immunization and estimation of 
antigenic response were done as described in the preceding paper. 


1 Wells, Graham and Havens, Am. J. Pub. Health, 1932, 22, 648. 
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At each stage the procedures were carried out simultaneously and 
in identical manner. 


TABLE I. 


Staphylococcal Antitoxin in Sera 
(Provisional units per cc.) 


Ce Dermo- 
Subcutaneous Endof Endof Endof Endof Local necrotic 
injections No.of first second third fourth Reac- doses 
in 0.2 ec. doses rabbit week week week week tion resisted 
I. Formol-toxoid 
a. Single dose 74 >0.4 >0.4 >0.4 0.8 + 6.2 
7 >0.4 >0.4 >0.4 >0.4 ate 1.6 
b. Weekly doses 39 >0.4 1.6 = os ak — 
28 >0.4 0.4 16.0 6.4 + >25 
II. Alum ppt. td. 
a. Single dose 67 0.4 1.6 0.8 04 44 1.6 
88 3.2 3.2 0.8 1.6 ++4 3.1 
b. Weekly doses 3 >0.4 1.6 8.0 64 +4 25- 
44 >0.4 0.8 8.0 3.2 +++ 25 
III. M.B. toxoid 
a. Single dose 86 >0.4 >0.4 >0.4 >0.4 0 3.1 
92 >0.4 0.8 0.8 >0.4 + 3.1- 
b. Weekly doses 4 >0.4 >0.4 6.4 3.2 + 6.2 
77 >0.4 >0.4 3.2 1.6 0 12.5 
For local reaction: 
0 indicates absence of any apparent reaction. 
+ 2. slight redness for 1 day. 
+ ce definite redness for more than 1 day. 


ate Be redness and induration for 3 days. 
piesteele 2) redness, induration and fluctuation. 


The results are summarized in Table I. The small number of 
animals used does not allow a final conclusion. The results suggest 
that (A) the M. B. toxoid is about as effective as the formol- and 
alum-precipitated toxoids, and (B) the M. B. toxoid seems to cause 
less local reaction than the other forms of staphylococcus toxoid 
studied. 
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Antigenicity of Staphylococcal Toxin Detoxified by the Photo- 
dynamic Action of Methylene Blue. 


Ken-Hune Li. (Introduced by Richard H. P. Sia.) 


From the Department of Medicine and the Department of Public Health, Peiping 
Union Medical College, Peiping. 


The fact that some organisms, viruses, bacteriophages and toxins 
may be rendered harmless and inactive by the photodynamic action 
of methylene blue has been well established. Since Perdrau and 
Todd? reported that their virus of canine distemper so inactivated 
possessed a high antigenic property, the antigenic value of these 
products has become an interesting problem. Rivers’ cautioned 
workers on the general principle that when the degree of inactiva- 
tion could not be accurately measured one should be careful in at- 
tributing antigenicity to these so-called inactivated agents. Since 
titrations of minute residual amounts of active virus are still im- 
possible, one naturally turns to bacterial toxins for an answer to 
this question. Lippert® reported failure to demonstrate antigenicity 
in his inactivated tetanus-toxin. Lin* could not completely detoxify 
diphtheric toxin. In this note, we present the following findings: 
Staphylococcal toxin can be completely detoxified by the photo- 
dynamic action of methylene blue and when so detoxified still pos- 
sesses antigenic value. 

The method of preparing toxins was a modified combination of 
those recommended by Parker and Dolman.’ The medium was 
0.3% agar with 4% Witte’s peptone in beef broth buffered at pH 
7.0. After incubation in an atmosphere containing about 20% 
carbon dioxide, it was filtered through cheesecloth, paper and Berke- 
feld candles. The final filtrate was our toxin. Only those prepa- 
rations whose potency equalled or surpassed the minimal standards 
outlined by Dolman,’ were employed. Gruebler’s “Methylenblaw’ 
was used for detoxification. 

To measured volumes of toxin, minute quantities of the stock 
dye-solution were added and thoroughly mixed. These mixtures, 


1 Perdrau and Todd, J. Comp. Path. and Therap., 1933, 46, 78. 

2 Rivers, Am. J. Med. Sc., 1935, 190, 435. 

3 Lippert, J. Immunol., 1935, 28, 193. 

4 Lin, Proc. Soc. Exp. Bion. AND MEp. 

5 Parker, J. Exp. Med., 1924, 40, 761; Dolman, J. Infect. Dis., 1934, 55, 172. 
7 Dolman and Kitching, J. Path. and Bact., 1935, 41, 137. 


660 ANTIGENICITY STAPHYLOCOCCAL TOXIN 


contained in large covered petri dishes, were placed on ice 20 cm. 
below a 100 watt lamp. At appropriate intervals, samples of these 
exposed mixtures and of control mixtures kept in the dark were 
titrated for hemolysis of rabbit-erythrocytes, dermo-necrosis and 
killing effect in rabbits. 

The completely detoxified product was given to rabbits with 
known natural antitoxin-titres. At intervals during immunization 
the animals’ sera were titrated for neutralizing property according 
to the hemolytic method of Hartley and Smith.° At the end of 
the immunizing injections the animals were tested for their cutan- 
eous resistance to staphylococcal toxin according to the method of 
Dolman.’ 

Results, The photodynamic action of methylene blue can com- 
pletely remove all the 3 known toxic properties of staphylococcal 
toxin. Table I illustrates the effect upon the hemolytic property. 

TABLE I. 
Maximal Dilution of Staphylococcal Toxin which Completely Hemolyzes 1% 


Rabbit-erythrocytes after 1 hr. in Waterbath at 37° C. 
(Undiluted toxin 96691, pH 7.2, exposed to 100-watt Mazda light at 20 cm.) 


Hours Concentration of methylene blue 
Exposed 1:10,000 1:50,000 1:500,000 
To light 

1 1/10244 1/10244- 1/1024 
2 1/512 1/1024 1/1024 
4 1/256 1/256 1/1024 
6 1/32 1/64 1/512 
8 None 1/2 1/32 
In the dark 
72 1/10244 1/1024 1/1024 
240 1/10244- 1/10244 1/1024. 
TABLE II. 


Response of Rabbits to Completely Detoxified of Staphylococcal Toxin 96691, 


Staphylococcal Antitoxin in Sera 
(International Standard Units per cc.) 
—__—_—————__ Dermo- 

1 week lweek 2weeks necrotic 
Rabbit Initial afterlst after2d after2d doses 


Mode, am’t injected No. titration injection injection injection resisted 
A. Intravenously, 5 ce. 

al >0.05 0.05 0.80 _ 3.20 6.25 

2 0.05 >0.05 Died 3 days 

after 2d inj. — _ 

3 0.05 >0.05 0.80 6.420 6.25 
B. Subcutaneously, 0.2 ce. 

4 >0.05 0.40 6.40 25.6 25 

5 0.10 >0.05 3.20 12.8 6.25 

6 0.10 >0.05 0.05 3.20 6.25 


6 Hartley and Smith, League of Nations: Quart. Bull. of Health Org., Special 
No. Jan., 1935. 
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It was also found that originally potent toxins became non-skin- 
necrotizing when injected endermally in undiluted form and non- 
lethal to rabbits when given intravenously in doses of 3 cc. per 
kilogram body weight. 

Table II shows a good antigenic response in rabbits follow- 
ing intravenous or subcutaneous injections of staphylococcus toxin 
detoxified by the photodynamic action of methylene blue. 
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Negative Effect on Blood of Normal Rabbits of Inoculation of 
Killed Leishmania donovani. 


Cuta-Tune Tene. (Introduced by Claude E. Forkner.) 
From the Department of Medicine, Peiping Union Medical College, Peiping, China. 


Leucopenia is one of the outstanding features in kala-azar. It 
develops early in the course of the disease and is frequently out of 
proportion to the anemia. This fact has been well recognized, and 
its diagnostic value repeatedly emphasized. The mechanism of the 
development of this phenomenon is, however, by no means under- 
stood. By incubating leucocytes with blood serum, Maggiore and 
Sindoni* claimed to have demonstrated the presence in the blood 
serum of patients with visceral leishmaniasis, of a substance which 
is leucocytolytic. Arena® confirmed this finding. Their results 
were not at all conclusive, and there has been no further confirma- 
tion. Some workers* * believed that leucopenia as well as anemia 
in this disease is myelophthisic, the overgrowth of the macrophages 
(‘“clasmatocyte tissue”) being comparable to the metastatic growths 
of carcinoma in blood-forming organs. This does not explain 
satisfactorily the early appearance of leucopenia when the infection 
is only beginning and the “crowding out” of the myeloid tissue 
hardly can have taken place. 

It has been suggested,” ® 7 in discussing the problem of leucopenia 

1 Maggiore, S., and Sindoni, M., Pediatrica, 1917, 25, 81. 

2 Arena, G., Pediatrica, 1927, 35, 465. 

3 Hu, C. H., and Cash, J. R., Trans. Far East. Assn. Trop. Med., 7th Congress, 
British India, 1927, 3, 62. 

4 Keefer, C. S., Khaw, O. K., and Yang, C. 8., Nat. Med. J. China, 1929, 15, 
731. 

5 Doan, C. A., J. A. M. A., 1932, 99, 194. 

6 Beck, R. C., Arch. Int. Med., 1933, 52, 239. 

7 Beck, R. C., Am. J. Path., 1934, 4, 189. 
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in general, that there are possibly 2 factors concerned in the main- 
tenance of a normal level of leucocytes in the peripheral blood, viz., 
a maturation factor and a chemotatic factor. Whether or not such 
factors also operate in the production of leucopenia in kala-azar, 
one can only conjecture. Forkner and Zia* have shown that pentose- 
nucleotide, which was considered by Doan’ as an example of a 
chemotatic substance for leucocytes, did not produce any significant 
change in the number of leucocytes when administered intramus- 
cularly to patients with kala-azar. One may further postulate that 
there may be present in this disease an unknown factor which has 
a depressive effect on the myeloid tissue. The fact that the leuco- 
penia and anemia begin to improve quite steadily soon after the 
institution of specific treatment may suggest the actual presence 
of some such factor which can be removed or counteracted by con- 
trolling the infection. It seems, therefore, worthwhile to investigate 
whether such a factor is present in the body of Leishmania donovani 
or its metabolites. It occurred to us that, by inoculation into animals 
of the killed organisms or their metabolites, it might be possible to 
bring about in the blood a picture comparable to that produced by 
actual infection. 

Fresh cultures of Leishmania donovani were obtained from a 
puncture of the spleen of a patient with kala-azar. They were sub- 
cultured in a number of tubes containing Novy-MacNeal-Nicolle 
(N.N.N.) medium at a temperature of from 22 to 23°C. for from 
2 to 4 weeks, at the end of which all the tubes invariably contained 
rich growths of the flagellates. The content of each tube was ex- 
amined for the presence of bacteria and was discarded if contami- 
nation was present. The fluid portion of these tubes containing 
numerous flagellates in pure culture was then pooled. Tricresol 
was added in an amount equivalent to 0.5%, which caused the fluid 
to change its color from dark red to brown and the formation of 
brownish sediments. All the flagellates were killed by this treat- 
ment, as was demonstrated by the fact that they became unrecog- 
nizable under the microscope and could no longer be cultured in 
N.N.N. medium. The amount of the sediment in this suspension 
apparently depended on the richness of the culture, and it varied 
from 7 to 10% of the total volume as determined by centrifuging 
in a hematocrit tube. The suspension was kept in rubber-stoppered 
bottles in an ice chest. Immediately before use, it was thoroughly 
mixed. 

Six normal rabbits, each weighing from 1,500 to 2,000 gm., 


8 Forkner, C. E., and Zia, L. S., unpublished data. 


NEGATIVE Errect K1Lttep LEISHMANIA DONOVANI ON BLoop 663 


were taken from stock without selection. They were kept in sepa- 
rate cages. Two of these animals (R.19 and R.20) were kept as 
controls, to which no suspension of Leishmania donovani was given. 
Two other animals (R.21 and R.22) received the suspension intra- 
peritoneally in a short course of intensive treatment. The remain- 
ing 2 animals (R.23 and R.24) were given daily subcutaneous in- 
jections of the suspension for 48 days and, in addition, a short 
course of intensive treatment with intraperitoneal injections as for 
R.21 and R.22. 

All animals were kept under the same environmental conditions, 
fed regularly at the same time each day and the studies were con- 
ducted at comparable periods throughout the experiment. All ani- 
mals were allowed a period of control observations for 414 months, 
during which time hemoglobin determinations, red blood corpuscle 
counts, white blood cell counts, and differential counts were made 
weekly from blood obtained by puncture of the ear vein. The body 
weight and temperature were recorded at the same time. During the 
period of continuous daily injections of the suspension in the case of 
R.23 and R.24, total white blood cell counts and differential counts 
were done daily, while the hemoglobin determinations and red blood 
corpuscle counts were made weekly. For the control animals, these 
observations were made once a week. 

At the end of the experiment, all animals were killed by intra- 
venous injections of air. The liver, spleen, lymph-nodes, lungs, 
kidneys, and the bone-marrow of the femur and the tibia were re- 
moved and fixed immediately in Zenker-formol solution (10% for- 
malin). Sections were made and stained with hematoxylin and 
eosin. Comparative studies of the histologic pictures were made. 

Results. 1. A slight decrease in the total leucocyte count and a 
relative decrease in the percentage of neutrophils occurred within 2 
hours after the subcutaneous injection of the suspension of Letsh- 
mania donovan, Normal counts were restored about 3 hours after 
the injection. 2. There was no constant or significant change in the 
leucocyte and neutrophil counts in rabbits receiving either daily 
subcutaneous injections of relatively small amounts of the suspen- 
sion or an intensive treatment with intraperitoneal injections of 
large amounts of it. (Chart 1. The findings in the case of rabbits 
Nos. 21, 22, and 23 were similar to those in rabbit No. 24.) 3. There 
was no decrease in the value of hemoglobin or in the number of 
red blood corpuscles following the injections of the suspension. The 
platelets remained normal in number. 4. The body weight and the 
temperature of the animals were not affected by the treatment. 5. 
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Carr 1. 
Showing negative effect of parenteral inoculation of the suspension on the 
white blood cell counts of Rabbit No. 24 (R.24). 


Studies of the histologic picture of the liver, spleen, lymph-nodes, 
lungs, kidneys, and the bone-marrow of the femur and the tibia did 
not reveal any striking difference in the animals treated as compared 
with those of the controls. 

Rabbits were used in this experiment primarily because of the 
fact that they were more convenient for the study of changes in the 
blood. It is generally known that rabbits are relatively refractory 
to infection with Leishmama donovam and thus they may not be 
entirely suitable animals for this experiment. On the other hand, 
animals highly susceptible to the disease, such as Chinese ham- 
sters (Cricetulus griseus), are rather too small for repeated daily 
studies of the blood. It should be emphasized that what is true in 
rabbits might not be applicable to susceptible animals or human 
beings. 

The suspension used for the injections was composed of killed 
flagellates of Leishmania donovani (not Leishman-Donovan bodies) 
in the fluid medium (N.N.N.) of the culture. It contained, there- 
fore, both the substance of the organisms, the metabolites of them, 
and the medium. The physical nature of this suspension made it 
unsuitable for intravenous administration. 

The decrease of leucocytes shortly following the injection of the 
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suspension was only slight and transient. The same phenomenon 
has been observed by others following inoculations of bacterial 
vaccines.? It is probably of no great significance. 

The mechanism of leucopenia in kala-azar remains an unsolved 
problem. 
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Liberation of Acetylcholine from the Perfused Human Placenta. 


Hs1-CHuN CHANG. 


From the Department of Physiology, Peiping Union Medical College, Peiping, 
China. 


A fresh human placenta was washed by an intra-arterial saline 
infusion until the fluid coming from the placenta became colorless. 
The wet weight having been taken, a piece weighing about 30 gm. 
was removed and extracted for the basal acetylcholine (hereinafter 
designated as a.c.) content. The placenta was supported on wire 
gauze fixed in the middle part of a large funnel, and perfused with 
a known volume (445-510 cc.) of oxygenated saline by means of a 
Dale-Schuster pump at a pressure of 90-100 mm. Hg. The whole 
outfit was kept in a small room which could be readily maintained 
at body temperature. At hourly intervals, the placenta was de- 
tached, weighed and a small piece removed for extraction. The 
perfusion-fluid was measured and 2 cc. were taken out each time 
for titrating its a.c.-activity. All the samples of tissue were ex- 
tracted for 2 hours with 2 volumes of 96% alcohol. The different 
extracts and the samples of the perfusion-fluid were assayed on the 
same rectus-preparation.* The influence of body-temperature, po- 
tassium, and eserine has been studied in 5 experiments with uni- 
form results; potassium was suggested for investigation by Feld- 
berg.” Fig. 1 illustrates the essential points obtained. 

It is evident that the potassium increases a.c. in the perfusion-fluid 
at the expense of the tissue-a.c., while eserine and an increase of 
temperature to 36°C. increase a.c. in the tissue as well as in the 
fluid. 

Potassium may be considered to cause a transfer of a.c. from 

9 Wells, C. W., J. Inf. Dis., 1917, 20, 219. 


1 Chang, H. C., and Gaddum, J. H., J. Physiol., 1933, 79, 255. 
2 Personal communications. 
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tissue to fluid, as Brown and Feldberg* have shown, whereas 
eserine and heat, confirming our previous experiments,* appear to 
stimulate a new formation of a.c. through some complex mechanism 
which is as yet not completely known. Mention may be made here 
that a.c.-genesis by eserine occurs also at 37°* and 3°C.° 

3 Brown, G. L., and Feldberg, W., J. Physiol., 1935, 84, 127. 


4Chang, H. C., Proc. Soc. Exp. Bion. AND Mep., 1935, $2, 1001. 
5 Unpublished data. 
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Immunologic Studies on New Preparation of Type-Specific 
Polysaccharide from Pneumococcus Type I. 


Bacon F. Coow. (Introduced by Hsien Wu.) 


From the Department of Biochemistry, Peiping Union Medical College, Peiping, 
China. 


The isolation of chemically different polysaccharides by Heidel- 
berger and Avery’ from various types of pneumococci places the 
problem of type-specificity in immunologic reactions on a definite 
chemical basis. Since the polysaccharide from Type I pneumo- 
coccus, called the “Soluble Specific Substance,” was not antigenic, 
it can only be considered as a hapten of the pneumococcal antigen. 
Later Wadsworth,” Enders,* and others obtained preparations of 
polysaccharide from pneumococcus Type I, which were antigenic in 
mice. Therefore they were believed to be different from the soluble 
specific substance. 

Recently Avery and Goebel,* by omitting the alkaline treatment, 
isolated an acetyl polysaccharide from the autolyzed broth-culture of 
pneumococcus Type I. Like similar preparations from other lab- 
oratories, the acetyl polysaccharide was antigenic in mice. How- 
ever, the antigenicity was destroyed by treatment with alkali with 
accompanying loss of acetyl groups. Thus it is probable that 
Enders’ and Wadsworth’s polysaccharides may be identical with 
the acetyl-polysaccharide. Enders and his colleagues’ have already 
confirmed the observations of Avery and Goebel. 

By using a method which minimized hydrolysis by acid or alkali 
in the preparation of polysaccharide, we have obtained a product 
even more complete than the acetyl polysaccharide. An autolyzed 
broth-culture was not autoclaved, as in Avery and Goebel’s pro- 
cedure, but was concentrated at a reduced pressure so that the tem- 
perature was never higher than 37°C. After the subsequent puri- 
fication according to Avery and Goebel’s method* a white polysac- 
charide was obtained. This polysaccharide reacted with a homo- 
logous immune-rabbit serum, previously absorbed with the acetyl 
polysaccharide. On the other hand, the acetyl polysaccharide did 

1 Heidelberger, M., and Avery, O. T., J. Exp. Med., 1924, 40, 301. 

2 Wadsworth, A., and Brown, R., J. Immumnol., 1933, 24, 349. 

3 Enders, J. F., J. Exp. Med., 1932, 55, 191. 

4 Avery, O. T., and Goebel, W. F., J. Hap. Med., 1933, 58, 731. 

5 Enders, J. F., and Wu, C. J., J. Exp. Med., 1934, 60, 127; Pappenheimer, 
A. M., Jr., and Enders, J. F., Proc. Soc. Exp. Bion. AnD Mxp., 1933, 31, 37. 
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not react with its homologous immune-rabbit serum absorbed by 
the new polysaccharide (Table 1). A quantitative precipitin-titra- 
tion showed that the new polysaccharide precipitated almost 3 times 
more antibody-protein than did the acetyl polysaccharide. 

Although an antipneumococcal serum absorbed with our polysac- 
charide was still agglutinative and specifically protected mice 
from an otherwise fatal dose of pneumococci (Type I), the titre 
was greatly reduced. 

The new polysaccharide in small doses produced active immunity 
in mice. Rats given intravenous injections of the polysaccharide- 
solution produced sera which protected mice from a fatal dose. 

When the polysaccharide solution was heated at 100°C. in 0.05 
N NaOH or 0.5 N acetic acid, the hydrolytic product still produced 
active immunity in mice, but failed to precipitate the immune serum 
absorbed with the acetyl polysaccharide. 

It appears, therefore, that our polysaccharide may be the parent 
substance from which the acetyl polysaccharide could be obtained by 
appropriate treatment. 


8744 P 
Metabolism of Ethyl Esters of Fatty Acids. 


H. J. DEvEL, Jr., L. Hartman, J. S. Burrs anp S. Murray. 


From the Department of Biochemistry, University of Southern California School 
of Medicine, Los Angeles. 


It has been demonstrated’ that the conversion of caproic, butyric, 
and beta-hydroxy butyric acids to acetone bodies in fasting rats 
by beta oxidation is quantitative, whereas greater amounts of ketone 
bodies originate after sodium caprylate than after isomolecular 
quantities of sodium acetoacetate are fed. The latter phenomenon 
suggests that delta oxidation occurs in the latter case. No ketone 
bodies are formed when the sodium salts of the fatty acids with an 
odd carbon chain, as propionic, valeric, heptoic or nonylic acids 
were fed. It was later demonstrated’ that the conversion of the odd 
chain fatty acids into glycogen must represent an approximately 
quantitative transformation by beta oxidation into propionic acid. 


1 Butts, J. S., Cutler, C. H., Hallman, L., and Deuel, H. J., Jr., J. Biol. Chem., 
1935, 109, 597. | 

2Deuel, H. J., Jr., Butts, J. S., Hallman, L. F., and Cutler, C. H., J. Biol. 
Chem., 1935, 112, 15. 
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The fatty acids with an even number of carbon atoms were entirely 
ineffective as glycogen formers. However, it was impossible to feed 
the soaps of the fatty acids having a greater number of carbon 
atoms than 9 in an equimolecular dose to that found effective with 
the shorter chain fatty acids because of the relatively large quan- 
tities of solution which must be administered. 

In the present experiments, by administering the fatty acids as 
their ethyl esters it has been possible to feed isomolecular quantities 
of all of the fatty acids up to stearic acid in similar doses to those 
employed in the earlier work—namely, 15 gm. per square meter of 
body surface per day, calculated as acetone. 

The average excretion of acetone bodies in fasting male rats, 
second to fourth days, calculated as acetone in grams per square 
meter of body surface per day after feeding the ethyl esters was as 
follows: acetoacetate, 2.01 (57)*; butyrate, 1.37 (27); caproate, 
1.95 (31); caprylate, 7.29 (12); caprate, 6.74 (16); laurate, 6.75 
(17); myristate, 5.21 (9); palmitate, 2.94 (10); stearate, 2.40 
(11); oleate, 5.07 (11). This indicates that the excretion of ace- 
tone bodies after the caproate and butyrate is an approximately 
quantitative one, whereas the acetonuria after the administration of 
the ethyl esters of the fatty acids with 8 or more carbon atoms is 
greater than that of the acetoacetate controls. This would indicate 
that more than one acetoacetate residue originates from the oxida- 
tion of one molecule of fatty acid having 8 or more carbon atoms. 

The relatively low values with ethyl palmitate and ethyl stearate 
are traceable to the lack of absorption as evidenced by the large 
excretion of stools in these animals. It has been demonstrated that 
the administration of the palmitate and stearate in Wesson oil 
very much increased the absorption of these esters. No acetone 
bodies were formed after the administration of ethyl palmitate 
intraperitoneally. The relatively large excretion of acetone bodies 
following the administration of ethyl oleate indicates that the cleav- 
age of this molecule at the double bond into 2 molecules of nonylic 
acid cannot be the chief course of oxidation or glycogen should 
result as the end-product instead of the acetone bodies. 

When the ethyl esters of the fatty acids having an odd carbon 
chain were fed, only insignificant amounts of acetone bodies were 
excreted in the urine. The average acetone body excretion for the 
ethyl esters of the fatty acids having odd carbon chains were as 
follows: propionate, 0.22 (4); valerate, 0.37 (20) ; heptylate, 0.22 


*The figures in parentheses represent the number of experiments of which this 
is the average. 
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(21) ; undecylate, 0.15 (25); sodium chloride controls, 0.19 (70). 

Methyl esters of the fatty acids were found to be somewhat toxic. 
Experiments are in progress to demonstrate the comparative keto- 
genic effect of the ethyl esters of palmitic and stearic acids with that 
of acetoacetate when administered in much smaller doses. 
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Initiation of Lactation in the Hypophysectomized Guinea Pig. 


WaArRREN O. NELSON AND ROBERT GAUNT. 


From the Department of Anatomy, Yale University Medical School, and the 
Department of Biology, Washington Square College, New York University. 


The anterior pituitary secretes a hormone concerned in the initia- 
tion of lactation. Male or immature female guinea pigs whose 
mammary glands are developed under the influence of ovarian 
grafts or oestrin injections lactate when the source of oestrin is 
removed, but will not do so if the pituitary is simultaneously re- 
moved." The following experiments indicate that the adrenal cor- 
tex, as well as the pituitary, may be involved in the initiation of 
lactation in the guinea pig. 

Series I. Fourteen guinea pigs were prepared for lactation by pro- 
longed oestrin injections or, in some of the males, by functional 
ovarian grafts. At the time the ovarian grafts were removed or 
oestrin injections discontinued hypophysectomy was performed. 
Injections of a purified preparation of lactogenic hormone* were 
begun immediately. This treatment in no instance initiated lacta- 
tion, although continued from 5 to 15 days. In 3 partially hypo- 
physectomized animals lactation was initiated. 

Series II. Nine animals similarly prepared for lactation were 
hypophysectomized and treated with a crude alkaline extract of 
sheep pituitaries.* This extract contains, in addition to the lac- 
togenic hormone, most if not all of the other known pituitary hor- 
mones. 

The crude extract, in contrast to the purified lactogenic prepara- 
tions initiated lactation in the hypophysectomized guinea pigs in 
every case. Six animals from Group I, failing to lactate on puri- 

1 Nelson, W. O., Proc. Soc. Exp, Bron. AND Mmp., 1935, 33, 222. 

* Por the crude pituitary extract, Theelin, and purified lactogenic hormone 
used here the authors are indebted to Dr. Oliver Kamm of Parke, Davis & Co. 
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fied lactogenic material, were subsequently treated with crude pitui- 
tary extract and lactation was then initiated in every case. 

Since the hormonic requirements for the initiation of lactation in 
the guinea pig after hypophysectomy were not met by the hypo- 
physeal lactogenic hormone alone, a second factor was sought for. 
A possible explanation was suggested by the observations of lacta- 
tion deficiencies in adrenalectomized animals,” * and by the fact that 
large amounts of the adrenal cortical hormone are necessary for 
normal lactation in adrenalectomized rats.* With this in mind the 
following experiments were carried out. 

Series III, Seven immature males or females were treated for 
at least 3 weeks with a minimum of 40 R.U. of Theelin* or Am- 
niotint per day. At the time treatment was stopped hypophysec- 
tomy was performed and daily injections of 10 mg. (0.5 rabbit 
unit) of purified lactogenic hormone plus 2 cc. of adrenal cortical 
hormone were begun. (The adrenal cortical extracts used here 
were generously furnished by Dr. W. W. Swingle of Princeton 
University.) This treatment initiated lactation in every case, and 
by continued treatment milk could be kept flowing for about 5 days. 

Series IV. Three pregnant females were hypophysectomized 
within 3 days of expected delivery. These animals did not lactate 
following parturition even when treated with a purified lactogenic 
hormone. In 2 similar cases, however, in which cortical hormone 
was added to the lactogenic hormone lactation occurred. 

In one case hypophysectomy was performed after lactation had 
been initiated following parturition. Lactation stopped within 2 
days. It was reinitiated after 2 days’ treatment with adrenal cor- 
tical and purified lactogenic hormones. : 

Series V. Three animals prepared as in Group III were allowed 
to go untreated for 4 days after hypophysectomy. After this in- 
terval lactation could still be induced by purified lactogenic hormone 
plus adrenal cortical hormone. 

Series VI. Lactation could not be initiated in 3 normal, adult, 
female guinea pigs treated during and following oestrus with 5 
daily injections of 2 cc. of cortical hormone alone. Purified lacto- 
genic hormone is known to induce lactation in such animals. 

Lactation once initiated by cortical and lactogenic hormones could 


2 Brownell, K. A., Lockwood, J. E., and Hartman, F. A., Proc. Soc. Exp. Bron. 


AND MeEp., 1933, 30, 783 
3 Gaunt, R., and Tobin, C. E., Am. J. Phys., 1936, 115, 588. 
+The Amniotin was kindly supplied by Dr. J. A. Morrell of E. R. Squibb 


& Sons. 
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not be maintained by cortical hormone alone in the one hypophysec- 
tomized animal thus treated from Series IIT. 

Series VII. Lactation could not be maintained (as judged by the 
death of suckling litters) in 3 hypophysectomized, lactating rats 
treated with cortical and purified lactogenic hormones. This re- 
sult was expected in view of the fact that even with crude pituitary 
extracts we could not maintain lactation in 12 such rats. 

Summary. <A purified lactogenic hormone, unlike crude pituitary 
extracts, has failed to initiate lactation in hypophysectomized guinea 
pigs. Lactogenic hormone plus the adrenal cortical hormone 
(Swingle-Pfiffner extract) has initiated lactation in such animals 
in every case.{ 
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Production of Shwartzman Reaction in Rabbits with Purified 
Fraction of B. coli Filtrate. 


H. B. ANDERVONT AND M. J. SHEAR. 


From the Office of Cancer Investigations, U. 8. Public Health Service, Harvard 
Medical School, Boston. 


Previous publications” * from this laboratory described a method 
for the separation and concentration of the factor in B. coli filtrates 
which produces hemorrhage in mouse tumors. Since B. coli filtrates 
are known to produce the Shwartzman reaction in rabbits, it was 
of interest to ascertain whether the purest fraction of the tumor- 
affecting agent obtained thus far? was also capable of eliciting 
hemorrhage in prepared sites in the skin of rabbits. It was also 
desirable to make quantitative comparisons between the original 
filtrate and the purified fraction as to their ability to produce hem- 
orrhage in tumors of mice as well as the Shwartzman reaction in the 
rabbit. 

Equivalent tumor-affecting doses were determined by performing 


+ Judging by gross observation at autopsy, anterior lobe removal was com- 
plete im all of these cases. To verify this, however, sections of the sella turcica 
contents have been made in most cases, although not yet complete in a few cases. 
We have omitted in this account those animals, a considerable number, that failed 
to survive the operation long enough to allow for the necessary observations. 

1Shear, M. J., and Andervont, H. B., Proc. Soc. Exp. Bron. AnD Memp., 1936, 
34, 323. 

2Shear, M. J., ibid., 1936, 34, 325. 
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a preliminary titration in mice bearing cutaneous tumors, accord- 
ing to a technic described elsewhere.* Strain M mice bearing 6-day- 
old cutaneous growths of sarcoma 37 were given intra-abdominal 
injections of diluted filtrate or dilutions of the purified fraction. 
All dilutions were made with 0.9% NaCl solution. It was found 
that 0.2 cc. of a 1:50 dilution of the original filtrate produced 
hemorrhage in tumors, but 0.2 cc. of a 1:100 dilution failed to do 
so. The purified fraction was active down to 0.2 -cc. of a 1:1500 
dilution of a solution which contained 2 mg. of the purified fraction 
per cc. Thus the minimal tumor-affecting dose of this purified 
fraction was 0.26y. 

Comparable doses of the two materials were then injected into 
rabbits according to Shwartzman’s technic. The endermal injec- 
tions consisted of 0.2 cc. doses. Each of 4 rabbits received pre- 
paratory injections of 3 dilutions of the original filtrate and of 3 
dilutions of the purified fraction, as shown in Table I. Twenty-four 
hours later 2 of the rabbits each received 0.5 cc. of undiluted filtrate 
intravenously while the other 2 received 0.5 cc. of a 1:10 dilution of 
the purified fraction. The results are shown in Table I. 

It is seen that both the filtrate and the purified fraction elicited 


TABLE I, 
Response of Cutaneously Prepared Rabbits to Intravenous Injection of B. colt 
Filtrate and of a Purified Fraction Obtained from the Filtrate. 


Preparatory endermal injection (0.2 ec.) 
in all 4 rabbits 


eG ee ae ak animist Foie | 
oS oS os} pS ee) 3 
3 $ £ S a eb 3 Ww 
AA ek Teh ue Be dg Asi] 
Cie lis ny ek aceite 
Ss PA PC) pee ery 
o) ° Oo Ay Ay A 
Rabbit 
No. Intravenous injection Results 
467 Purified fraction, 
Ol mg. +++ +44 4+ 4444+ 444+ ++ 
468 Purified fraction, 
0.1 mg. ++ FS HH E+ 
469 Original filtrate, 
0.5 ee. (undiluted) ++ —-~ — se digik Se 
470 Original filtrate, 
0.5 ec. (undiluted) +44 —_— — 4444 pee ees 


Note: In the above table + denotes a positive Shwartzman reaction and — a 
negative Shwartzman reaction. The number of + signs are used to denote the 
relative size of the areas covered by the reaction. 


3 Andervont, H. B., Am. J. Cancer, 1936, 27, 77. 
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the Shwartzman reaction in rabbits. However, the purified fraction. 
appears to be more potent than the filtrate in producing the reac- 
tion, since intravenous injection of a 1:10 dilution of the stock solu- 
tion of the purified fraction produced the reaction at practically all 
sites of endermal injection of both filtrate and of purified fraction 
while intravenous injection of the undiluted filtrate elicited the 
reaction only in those sites that had received the highest concentra- 
tion of filtrate or of purified fraction. 

It is of interest to note that, so far as the purified fraction is 
concerned, the greater the amount of tumor-affecting agent em- 
ployed in the preparatory injections the more pronounced is the 
Shwartzman reaction. It may also be pointed out that, in this ex- 
periment, a positive Shwartzman reaction was obtained with an 
amount of purified fraction (0.0005 mg.) that is close to the mini- 
mal amount (0.0003 mg.) effective in eliciting hemorrhage in 
mouse-tumors. 
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Chemical Composition of Bacterium tumefaciens. 


ERWIN CHARGAFF AND MICHAEL LEVINE. 


From the Department of Biological Chemistry, College of Physicians and Sur- 
geons, Columbia University, and Montefiore Hospital, New York. 


Bacterium tumefaciens is the etiological agent of plant tumors, 
known as crown-gall disease." The importance of investigating the 
chemical composition of this organism and the pathological effects 
of its various constituents is apparent. Although the etiology of 
plant tumors probably does not parallel that of animal cancer, the 
fact that a chemical stimulant of cellular proliferation apparently is 
synthesized by this microorganism is reminiscent of certain results 
obtained with chemically well-defined carcinogenic agents. Doubt- 
less, a deeper knowledge of the mechanism underlying the devel- 
opment of plant cancer would also be of value for a better under- 
standing of malignant growth in general. 

A virulent strain of B. tumefaciens (strain 6NIS®°) was cultivated 
on sterile bean-broth in the dark at room temperature for 14 days. 
The washed bacteria were suspended in a mixture of equal amounts 


ee ES ee en eae ee 
1¥For discussion and literature compare M. Levine, Am. J. Cancer, 1931, 15, 
1410. 
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of alcohol-ether which extracted the fat and phosphatide. The de- 
fatted organisms then were extracted with chloroform, in order to 
remove the wax fraction which, however, in this bacterium is 
very small and was not further examined. The separation and puri- 
fication of the lipids were carried out according to the method of 
Anderson.” The distribution of lipids in 3 batches of bacteria of 
the same strain grown at different times is given in Table I. It will 
be seen that the results are remarkably uniform. The dry weight of 
the bacteria examined, in each case, was between 2 and 3 gm. 


TABLE I. 
Lipids of Bact. tumefaciens (in % of total dry bacteria). 


Experiments 
Fraction if It III 
Fat D7 5.8 5.6 
Phosphatide 1.6 2.0 1.8 
Wax 0.8 —* —_ 
Bacterial residue 91.9 92.2 92.6 


*Not isolated. 


The acetone-soluble fat is a yellow viscous oil. Its constants, 
determined according to the micro-method described by one of us® 
were: iodine No. 95.0, saponification No. 201.2, acid No. 53.2, ester 
No. 148.0. On saponification (carried out in N.) the following 
components were obtained from 174 mg. of fat: 15.6 mg. of un- 
saponifiable matter (9% of the fat) and 142.9 mg. of fatty acids 
(82.1% of the fat). The unsaponifiable fraction showed no selec- 
tive absorption in the ultraviolet region in alcohol-chloroform (2:1) 
solution; there was only an end-absorption around 2350 A. About 
10% of the unsaponifiable fraction consisted of a sterol mixture 
which melted unsharply around 80°, was precipitated by digitonin 
and gave a positive Liebermann-Burchard reaction and a negative 
Rosenheim reaction. This sterol may have been carried over from 
the medium. The fatty acids (142.9 mg.) were separated into the 
solid and liquid acids according to the Twitchell procedure. The 
solid acids weighed 30.0 mg. and had the iodine value 43.3; the 
liquid acids weighed 106.4 mg. and had the iodine value of 51.6. 
The fat apparently contains unsaturated fatty acids of high molecu- 
lar weight, as is also the case with the fat of C. diphtherie.* 

The phosphatide was purified by repeated: precipitation from its 
ethereal solution by means of acetone. It formed in the cold a 

2 Anderson, R. J., J. Biol. Chem., 1927, 74, 525. 


3 Chargaff, E., Z. physiol. Chem., 1931, 199, 221. 
4Chargaff, E., Z. physiol. Chem., 1933, 218, 223. 
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somewhat sticky yellow powder which on slow heating started to 
soften at 67° and melted completely at 125°. It contained N 2.2%, 
P 3.4%. 

From the defatted bacteria a polysaccharide was obtained which 
amounted to about 3.5% of the material. This substance contained 
65.3% of reducing sugars (calculated as glucose). 

A detailed report on the chemical composition of the fractions 
mentioned and on their biological behavior will be presented at a 
later date. 

The various substances isolated are being tested, at present, as 
to their effect on the Paris daisy, castor bean, geranium, Bryo- 
phyllum and two species of tobacco. Preliminary tests made on the 
Paris daisy, geranium and Ricinus indicate that the phosphatide 
acts as a growth-stimulant, whereas the fat is much less active. 
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Some Physical and Chemical Properties of Desiccated Stomach. 


JEAN KyYer, FREDERICK P. Brooks AND RAPHAEL ISAACS. 


From the Thomas Henry Simpson Memorial Institute for Medical Research, 
University of Michigan, Ann Arbor. 


Since the introduction of the use of desiccated hog stomach in the 
treatment of pernicious anemia by Sturgis and Isaacs,* Sharp,” Con- 
ner,* and Wilkinson,* efforts have been made to fractionate the 
material and determine the nature of the active principle. In the 
following experiments whole hog stomach was finely ground, dried 
at a temperature below 30°C., and the fat extracted with petroleum 
benzine. With this method 100 gm. of fresh stomach yield 14-15 
gm. of dry powder. This material is stable, retaining its anti-anemic 
potency for months. It is non-hygroscopic but on the addition of 
water swells and forms a milky suspension. 

This material was used as a starting point for further manipula- 
tions. In each case the substance was given to one or more suitable 
patients with pernicious anemia having the following qualifications: 
a macrocytic anemia with a red blood cell count of less than 2.5 
millions per cubic millimeter; no free hydrochloric acid in the 
"1 Sturgis, ©. C., and Isaacs, R., J. A. M. A., 1929, 98, 747. 

2 Sharp, E. A., J. A. M. A., 1929, 98, 749. 

3 Conner, H. M., Proc. Staff Meet. Mayo Clinic, 1929, 4, 319. 

4 Wilkinson, J. F., Brit. Med. J., 1930, 1, 236. 
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stomach after histamine injection intramuscularly ; no previous anti- 
anemic medication for at least one month; hospitalization with close 
observation during treatment; no gross infection; no evidence of 
inability to absorb material given by mouth (normal gastric emp- 
tying time) ; corroborative clinical data of pernicious anemia. 

Studies of the properties of desiccated stomach show that it con- 
tains pepsinogen, that the peptic activity (Mett’s test) is absent in 
fresh aqueous filtered solutions, and that the aqueous filtrate of 
5 gm. of desiccated stomach in 50 cc. of distilled water develops 
an activity equivalent to 0.5% pepsin when acidified with HCl. 

A 1:100 aqueous extract of desiccated stomach dried in open pans 
in the air current from an electric fan (5.13 gm.=40 gm. of 
desiccated stomach tissue) gives the calculated hematopoietic re- 
sponse when fed to a patient with pernicious anemia. The dried 
aqueous extract retains its peptic activity but is inactivated after 
treatment with acetone. Prolonged contact with acetone inacti- 
vates both the pepsin and the hematopoietic property, the degree of 
inactivation being proportional to the time of contact. Ultrafiltra- 
tion (pyroxylin-Berkefeld filter) also removes the peptic activity 
and the hematopoietic activity. 

A watery suspension acidified to pH 4.5 with HCl gives a clear 
yellow filtrate which is as active in the treatment of pernicious 
anemia as a dried aqueous extract. This acid extract also has pep- 
tic activity. Heating an aqueous suspension or an acid extract 
of stomach to 60°-70°C. for half an hour inactivates it for both 
its peptic activity and its ability to induce a hematopoietic remission 
in a patient with pernicious anemia. 

Although the peptic activity and the hematopoietic activity parallel 
one another, specimens of desiccated stomach inactivated by heat 
do not regenerate their hematopoietic activity after incubation with 
commercial pepsin. 

In determining the effect of alkali upon the active principle, 500 
gm. of desiccated stomach were suspended in 5 liters of water, made 
alkaline with NaOH to pH 9.0, and stirred for an hour. The mix- 
ture was filtered and the filtrate, after neutralization to pH 7.0, 
was fed daily in 200 cc. amounts to a patient with a red blood cell 
count of 1.38 millions per cubic millimeter producing a maximum 
reticulocyte response of 25% in 7 days. 

It is known that fresh human gastric juice alone does not pro- 
duce a response when fed to a patient with pernicious anemia,” ° so 

5 Castle, W. B., and Townsend, W. C., Am. J. Med. Sci., 1929, 178, 764. 

6 Helmer, O. M., Fouts, P. J., and Zerfas, L. G., Proc. Soc. Exp. BioL. AND 
Mezp., 1933, 30, 775. 
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desiccated stomach and its potent extracts must supply another 
factor in addition to the enzyme-like substance contained in gastric 
juice. The following experiment was planned to determine the 
nature of the other factor which with the enzyme-like substance is 
the active principle of the stomach tissue. 

When an acid extract (pH 4.5) of 400 gm. of desiccated stomach 
was boiled for 5 minutes the clear yellow solution became cloudy 
but did not coagulate, so it was concentrated to a small volume, 
made 60% alcoholic, and filtered. The filtrate was concentrated 
under reduced pressure to remove the alcohol and 40 cc. (repre- 
senting 56 gm. of desiccated stomach) were fed daily to a pernicious 
anemia patient, with no hematopoietic response. After 7 days 40 cc. 
of the same material were incubated for 3 hours with 200 cc. of 
human gastric juice and fed to the same patient at 8 o’clock every 
morning, breakfast being omitted. The red blood cell count was 
1.43 millions per cubic millimeter and the number of reticulocytes 
was 15.3% in 9 days. It is thus evident that a second substance 
necessary for the development of the anti-anemic principle is present 
in stomach tissue. This substance is heat-stable and probably in- 
teracts with the heat-labile factor in a manner similar to the be- 
havior of the “extrinsic” (heat-stable) and “intrinsic” (heat-labile ) 
factors postulated by Castle and Strauss.’ 

The next series of experiments was designed to determine the 
effect of incubation on stomach extracts and to prepare products 
suitable for intramuscular injection. 

An acid extract of desiccated stomach was made 70% alcoholic, 
evaporated to a small volume im vacuo, and sterilized by filtration 
through a Berkefeld filter. Such a preparation, without the sterili- 
zation, had been inactive when administered orally and it was de- 
sired to determine its activity when injected. The equivalent of 
120 gm. of desiccated stomach was given intramuscularly over a 
period of 5 days to a patient with no hematopoietic response. 

An acid extract was incubated alone for 8 hours, made 70% 
alcoholic, and after the alcohol was removed the solution was 
boiled and evaporated to a small volume. The equivalent of 175 gm. 
of desiccated stomach was given intramuscularly over a period of 7 
days to a patient with no hematopoietic response. 

At this time we observed that Wilkinson and Klein® had prepared 
an active intramuscular product, which was soluble in 70% alcohol 
and which would resist a temperature of 60°-65°C. for 30 minutes, 


7 Castle, W. B., and Strauss, M., New Eng. J. Med., 1932, 207, 50. 
8 Wilkinson, J. F., and Klein, L., Lancet, 1933, 2, 629. 
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by incubation of a stomach product with beef muscle. It appeared 
then that our preparation might also resist a temperature of 60°- 
65°C., although not a boiling temperature. 

‘Consequently, an acid extract was incubated 8 hours, heated at 
60°-65°C. for 30 minutes, made 70% alcoholic, and worked up into 
a product suitable for intramuscular injection. When the equiva- 
lent of 75 gm. was administered to a patient over a period of 3 days 
the reticulocytes rose from 4.5% to 15.9% in 7 days (R.B.C. = 
1,400,000 per cu. mm.). 

From these experiments it is evident that the incubation of an acid 
solution of stomach tissue alone produces a substance which is not 
identical with the active principle of liver (because it is destroyed by 
boiling) but which is possibly some intermediate product between 
the original principle in stomach and the heat-stable principle found 
in liver. 

Summary. A water extract of desiccated hog stomach acidified 
to pH 4.5 is active in the treatment of pernicious anemia. The 
hematopoietically active substance does not pass through the ultra- 
filter and is stable toward alkali. Stomach extracts inactivated by 
heat do not regenerate their hematopoietic activity by treatment 
with pepsin. An acid extract contains 2 factors, one heat-stable 
and the other heat-labile, both of which are necessary for the pro- 
duction of a reticulocyte response in a patient with pernicious 
anemia. An acid extract incubated for 8 hours produces a hemato- 
poietically active substance which is soluble in 70% alcohol and 
which resists a temperature of 60°-65°C. for 30 minutes, but not a 
boiling temperature. Incubation in this manner produces a sub- 
stance which is not so heat-stable as the anti-anemic principle in 
liver but which may be an intermediate product more heat-stable 
than the original stomach fractions. 
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Response of the Iris to Pitressin and Pitocin. 


KENNETH C. SWAN AND HAROLD B. Myers. 


From the Department of Pharmacology, University of Oregon Medical School, 
Portland. 


Posterior pituitary extract (pituitrin) has been reported’ to cause 
a dilatation of the pupil when dropped into the conjunctival sac of 


1 Pollock, W. B., Brit. J. Ophthalmol., 1920, 4, 106. 
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the normal eye of the rabbit, averaging 0.65 mm. (minimum: 
0.25; maximum: 1.5) in 31 of 32 experiments. In one of 32 ex- 
periments the pupil was found to contract and stay contracted 
following the use of pituitrin. 

In 8 experiments we have found the posterior pituitary extract 
prepared by 2 manufacturers (4 experiments with each) to cause 
a constriction of the pupil of the normal eye of the rabbit amounting 
to 1.0 mm. in each of the 8 experiments. 

The active constituents of the posterior pituitary have been sepa- 
rated into 2 fractions, one possessing vasopressor, the other oxy- 
toxic actions.” These fractions are commonly available under the 
names “pitressin”’ and “pitocin’’, respectively. Pitressin in the nor- 
mal rabbit eye caused a constriction in each of 7 experiments, aver- 
aging 2.2 mm. (minimum: 1.5; maximum: 4.0). Pitressin placed 
in the conjunctival sac following the use of 1% atropin until the 
light reflex was abolished, caused a constriction of the pupil in each 
of 9 experiments, averaging 4.9 mm. (minimum: 4.0; maximum: 
6.3). 

Pitressin placed in the conjunctival sac following pronounced di- 
latation of the pupil from 4% cocaine caused constriction of 6.5 
mm. in each of 2 experiments. Pitressin following ephedrine 3% 
solution, resulting in dilatation of the pupil averaging 2.0 mm. 
increased diameter, failed to influence the size of the pupil in each 
of 4 experiments. Pitressin following epinephrine 1:1,000 solution, 
resulting in 0.5 mm. dilatation of the pupil, caused constriction of 
1.0 and 1.5 mm. in 2 experiments. 

Pitocin in the normal rabbit eye caused no change in the size of 
the pupil in each of 7 experiments. Pitocin in the eye with pupil 
inactive to light following atropine failed to alter the size of the 
pupil in each of 3 experiments. 

Pitocin (10 unit strength) when mixed with pitressin (10 unit 
strength) did not appear to influence the degree or duration of 
pitressin constriction of the normal rabbit pupil (average: 2.6 mm. ; 
minimum: 1 mm.; maximum: 3.1 mm.) in 4 experiments. Pitocin 
in 3 experiments did not appear to alter the action of pitressin in 
constricting the pupil dilated with atropine. 

All observations were made with uniform artificial light. 


2Kamm, O., Aldrich, I. W., Grote, I. W., Rowe, L. W., and Bugbee, E. P., 
J. Am. Chem. Soc., 1928, 50, 573 
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Fasting Ketosis in the Pregnant Rat as Influenced by 
Adrenalectomy. 


Eaton M. MacKay anp RicHarp H. Barnes. 
From the Scripps Metabolic Clinic, La Jolla, California. 


It is generally believed that in the human being ketonuria is 
more easily produced in pregnancy and it has been shown”? that 
ketosis is provoked more rapidly and easily by carbohydrate star- 
vation in this condition. However, Harding and Allin® believe that 
it develops only in accordance with Shaffer’s theory. Burn and 
Ling* found that rats on a butter fat diet have a sharp rise in ketone 
body excretion during the several days of pregnancy before par- 
turition after which it drops to a normal value. Butts, Cutler and 
Deuel’ found an excessively high ketone body excretion for one 
day in a fasting pregnant rat. In Table I we have demonstrated the 


TABLE I. 
Day 
as Day litter 
No. Body wt. a 2 3 4 born 
gm. ketone bodies—mg. 
Group A—Pregnant 

1 215 aed 97.6 149.0 6 

2 242 35.6 167.0 127.0 90.5 5 

3 230 0.0 176.0 6.0 6 

4 205 0.0 99.4 37.7 4 

5 216 3.5 93.9 2 

Group B—Non-pregnant 

6 206 ey 1.2 0.6 0.9 

7 204 1.2 1.4 1.0 2.3 

8 199 1.2 TL 0.4 7 

Group A2—Non-pregnant Sua rats as Group A) 

1 180 1.0 aye 1.0 

2 210 21 1.4 2.8 1.5 

3 168 1.0 1.2 2.0 0.9 

4 168 1.0 1.2 2.2 1.3 

5 158 1.0 0.6 0.6 1.3 

Group C—Pregnant and Adrenalectomized 

9 255 0.5 0.8 4.1 0.8 2 
10 240 0.9 4.3 1.8 1.1 3 
11 228 0.7 2.1 4.3 0.7 5 
12 203 0.2 2.4 0.3 0.6 6 


1 Bokelmann, O., and Bock, A., Arch. Gynakol., 1926-27, 129, 542. 

2 Bokelmann, O., and Bock, A., Z. Geburtsh. wu. Gynakol., 1927-28, 92, 184. 

3 Harding, V. J., and Allin, K. D., J. Biol. Chem., 1926, 69, 133. 

4Burn, J. H., and Ling, H. W., Quart. J. Pharm. and Pharmacol., 1933, 2, 1. 
5 Butts, J. S., Cutler, C. H., and Deuel, H. J., Jr., J. Biol. Chem., 1934, 105, 45. 
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large fasting ketosis during the few days before parturition (Group 
A) in comparison with non-pregnant, adult, female rats fasted at 
the same time (Group B) and the same rats that were pregnant, 
when fasted 2 weeks after parturition (Group A2). Their young 
had not been allowed to nurse but were taken away at birth. The 
high fasting ketosis of pregnancy is quite obvious (Group A). 

The possibility exists that the increased degree of ketosis during 
pregnancy results from excessive production of the so-called keto- 
genic principle of the anterior pituitary and we know that in other 
respects the anterior pituitary is very active at this time. In an- 
other note® we have shown that this ketogenic principle is not active 
in the absence of the adrenal glands, the necessary part of the lat- 
ter apparently being the cortex. We have examined the effect of 
adrenalectomy upon the fasting ketosis in pregnancy (Group C) 
and find that it does not occur if the adrenals have been removed. 

We have suggested that the marked fasting ketosis of pregnancy 
may be due to an accentuation of anterior pituitary activity. The 
failure of pregnant rats to develop a significant ketosis in the ab- 
sence of the adrenal glands lends indirect support to this view.® 
A finding which may have a bearing on this point is the observa- 
tion of Butts et al.° that the pituitary-like gonadotropic factor from 
the urine of pregnant women (“Antuitrin S” of Parke, Davis & 
Co.) produces no ketosis and we have confirmed their experiments. 
The combined gonadotropic and ketogenic activity of anterior 
pituitary extracts means little because of our inability to definitely 
purify such preparations. 

Summary and Conclusions. Fasting pregnant rats develop a keto- 
sis of large magnitude when compared with non-pregnant con- 
trols. Removal of the adrenal glands abolishes this fasting ketosis 
in pregnant animals. 


6 MacKay, E. M., and Barnes, R. H., Proc. Soc. Exp. Bron. and Mep., 1936, 
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Neoplastic Hyperplasia of Gastric Mucosa in Rats.* 


GrorGE R. SHarPLEss. (Introduced by F. W. Hartman.) 
From the Department of Laboratories, Henry Ford Hospital, Detroit. 


This is a report of the production and prevention of morpholog- 
ical changes in the fore-stomach of rats by means of the diet. 

Pappenheimer and Larimore’ described lesions in the fore-stom- 
achs of rats which appeared as round or oval discs with a small 
central ulcerated depression. The cause of the lesion was not found, 
but excess base or acid or Vitamin A deficiency were found not to 
be the etiological agents. Findlay” described changes in the fore- 
stomach associated with Vitamin B deficiency. Fujimaki has pub- 
lished a number of reports on the production of similar morpho- 
logical changes in the fore-stomachs of rats by feeding different 
purified diets. His first hypothesis® * was that the condition was 
caused by Vitamin A deficiency, but later® ° found that butterfat 
and/or cod liver oil caused a more marked change. The conclusion 
was drawn® that any of a number of fatty acids might play a partial 
etiological role. 

The basal diet used to produce the lesion described here is as 
follows: Casein (vitamin free) 4.0%; dried brewer’s yeast 5.0%; 
salts McCollum No. 185, 4.0%; butterfat, 5.0%; carbohydrate 
(starch, sugar, or dextrin), 82.0%; viosterol (15 drops per kilo 
of food). 

Rats 28 to 35 days old, weighing 60 to 110 gm. were used. The 
lesion develops within 3 months, and all of the animals on the above 
diet which have been examined to date (40) have been affected. 

The macroscopic appearance of the lesion varies from a few 
small elevated round or oval discs to long ridges of thickened epi- 
thelium with small papillomatous projections. There is a depression 
in the center of ridges and discs which may show ulceration. The 
normal fore-stomach is thin and elastic, but in animals with a severe 


* Presented before American Society of Experimental Pathology, Washing- 
ton, D. C., March 26, 1936. 

1Pappenheimer, Alwin M., and Larimore, Louise D., J. Hap. Med., 1924, 
40, 719. 

2 Findlay, G. M., J. Path. and Bact., 1928, 31, 353. 

3 Fujimaki, Yoshitomo, J. Cancer Res., 1926, 10, 469. 

4¥Fujimaki, Yoshitomo, Gann, 1927, 21, 8. 

5 Fujimaki, Yoshitomo, Trans. Jap. Path. Soc., 1928, 18, 548. 

6 Fujimaki, Yoshitomo, Trans. Jap. Path. Soc., 1931, 21, 708. 
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lesion the epithelium is so greatly thickened that its elasticity has 
been lost. 

Older lesions may show from 2 to 8 epithelial cysts which vary 
in size up to 6 mm. in diameter. The most frequent site of oc- 
currence is near the ridge separating the fore-stomach from the 
glandular portion, but it may occur in any one or all parts of the 
fore-stomach. 

Microscopically, the lesion is characterized by a greatly thick- 
ened squamous epithelium which may show papilloma formation 
with keratinization at the surface. The papillae are markedly hy- 
pertrophied and may show active proliferation, numerous mitotic 
figures, and epithelial cells with hyperchromatic nuclei. In some 
cases the epithelial papillae show active proliferation with invasion 
of the submucosa. Ulceration of the epithelium may occur and 
epithelial cysts walled off by squamous epithelium and filled with 
keratin may be present. 

Twenty-five rats fed the basal diet with 12.0% casein instead of 
4.0% had normal stomachs. 

Six rats, from 2 litters, fed the basal diet with 0.2% cystine 
and 6 fed the basal diet with 0.05% methionine did not develop the 
lesion, whereas littermate controls fed the basal diet alone invariably 
showed the characteristic changes. Cysteine hydrochloride and glu- 
tathione have also been tried but have not prevented the develop- 
ment of the lesion. 

The rats nearly always have some hair in their stomach contents, 
which may act as an irritant and thus be a factor contributing to 
the production of the lesion. However, there is as much hair in 
the stomachs of those that do not develop the lesion as in those that 
do; thus it cannot be the primary etiological factor. 

These rats are not in a chronic state of Vitamin A deficiency; 
their livers show abundant Vitamin A by the antimony-trichloride 
test, and supplementing the diet with carotine has not prevented the 
condition. Pappenheimer and Fujimaki have also found that 
Vitamin A deficiency is not a factor in the development of the 
lesion. 

Metastases have not been observed in any of these rats. 

These observations indicate that neoplastic hyperplasia of the 
gastric mucosa of rats may be produced by feeding a diet low in 
casein and prevented by supplementing the diet with cystine or 
methionine. These changes are apparently unrelated to Vitamin A 
deficiency. 


686 


8752 Cc 


Influence of Climate on Susceptibility of Monkeys to Intranasal 
Infection with Poliomyelitis Virus. 


ALBERT B. Sazin, (Introduced by Peter K. Olitsky.) 


From the Laboratories of the Rockefeller Institute for Medical Research, New 
York City. 


Although sporadic cases of poliomyelitis occur throughout the 
year, the incidence of the disease rises sharply during the late sum- 
mer (and early autumn months) and, as a rule, decreases with the 
onset of cold weather. The cause of this seasonal incidence is as 
yet obscure. The virus is supposedly transmitted from man to 
man by droplet infection without the intervention of an interme- 
diary host or reservoir upon which changes in climate could exert 
an effect. That droplet infection is not in itself the factor is clear 
from the well-known fact that other diseases believed to be trans- 
mitted in the same manner have their own peaks of seasonal in- 
cidence, many of which vary and happen to be different from that of 
poliomyelitis.* Since the virus of poliomyelitis is less resistant to 
higher than to lower temperatures, it does not seem probable that 
the greater occurrence of the disease during the hot months is 
attributable to an effect of climate on the virus itself. Hence it 
appears that the host, more than any other factor, should be con- 
sidered as the agent influenced by climate, although the nature of 
this possible influence remains unknown. Presumably the climatic 
effect may be either a local one, 7. ¢., the nasal secretions may per- 
haps be so changed as to prevent the virus from gaining access to 
the first cells (olfactory) which it apparently must infect in order 
to spread further to the central nervous system, or the change may 
be elsewhere along the course of the virus, which would impede its 
progress and thus prevent the disease from becoming clinically 
manifest. 

The question which this investigation proposed to examine was 
whether or not cold weather or changes from warm to cold could in 
themselves so influence the nasal membranes or secretions as to 
render infection with the virus of poliomyelitis more difficult. Six 
Macacus rhesus monkeys were kept outdoors 8 to 9 hours each day 
during late February and March, when it snowed on 2 days and the 
temperature varied from 28° to 50°F. During the remainder of 


1 Poliomyelitis, International Committee for the Study of Infantile Paralysis, 
Williams and Wilkins Co., Baltimore, 1932, p. 335. 
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the day they were kept indoors in a room in which the temperature 
is automatically regulated at 72° to 76°F. They were purposely 
allowed to spend part of the time indoors in order to approximate 
more closely living conditions of man during cold weather. The 
monkeys were outside every day for a week before they were given 
poliomyelitis virus intranasally. One cc. of a 10% suspension of 
pooled poliomyelitic monkey cords was instilled in each nostril on 
two occasions 48 hours apart. Subsequent to this treatment they 
remained outside during the day until the end of the experiment. 
Seven monkeys which were kept indoors in the same room during 
the same period as the others were similarly inoculated and the 
course of the disease in the two sets of animals observed (Table I). 


TABLE I. 
Monkey 
Group No. Result 
Outdoors 8-9 hours each day for 7-52 Fever 4, Par. 8, Prostr. 9* 
1 week prior to inoculation 7-53 EA oy seh ioe eel 0 meat 
and for duration of experi- 7-54 PA ie JOU Be eT ene 
ment. Temperature during 7-55 Cay a ninaee UC oh rf 
period, 28° to 50° F.; aver- 7-56 Piet: Symmes kk alc ese 9 
age, 38.9° F. 7-57 CA Teee: Nek ha tiet: Miia 8 
Indoors for 1 week prior to and 7-58 areca: [ae nous dB 10 
throughout course of experi- 7-59, Dee de eo aE LOSLES S 
ment. Average temperature, 7-60 deta mgy | Se tiee: carne 7 A Mca 
740 FB, 7-61 Dead 14th day of The. No 
clinical or histological 
signs of poliomyelitis 

7-62 Fever 4, Par. 8, Prostr. 9 
7-63 ” 5; 7? 8, 2) 9 
7-05 Pe beOe citrate aeerereNer tic Cea 


*Fever 4, Par. 8, Prostr. 9 — Fever 4th day, paralysis 8th day, complete 
paralysis with subnormal temperature 9th day after first nasal instillation of virus. 


It is obvious that under the conditions of the experiment the 
changes in climate to which the monkeys were submitted failed to 
diminish the incidence of experimental poliomyelitis among them. 
All six developed the disease and exhibited signs somewhat more 
rapidly than their mates which were kept under fairly constant 
temperature indoors. While these results do not exclude the pos- 
sibility that cool or cold weather may affect conditions in the nose 
of man in a different manner, it seems more probable that the in- 
fluence of climate is exerted on other factors in the host. 

To elucidate this problem further, other studies are being con- 
sidered which aim to determine (by means of antibody tests on 
children before and after the months of highest incidence) whether 
the total number of cases of poliomyelitis, both recognized and in- 
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apparent, is increased during the late summer and early autumn, 
or whether the climatic influence is merely to augment the number 
of clinically apparent cases without appreciably changing the total 
number infected. 
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Concentration of a Hyperglycemic Factor from Urine. 


BENJAMIN Harrow, ABRAHAM Mazur, I. M. CHAMELIN AND 
ALEX LESUK. 
From the Chemical Laboratory, College of the City of New York. 


We have previously reported the preparation of a crude urine 
(male) extract which, when injected into rabbits, causes a hyper- 
glycemia, an increase of acetone bodies and lactic acid in the blood, 
and a decrease of CO,-combining power.* We now wish to report 
appreciable progress in the purification of the material responsible 
for the hyperglycemic effect. We are not as yet prepared to state 
whether our purified material will respond to the other tests of our 
earlier (crude) product. The crude substance, in the dry state, can 
be kept for a considerable time without any marked deterioration. 
The active material is dialyzable and can be further purified by re- 
moving the inorganic sulfates. From approximately 250 liters of 
urine (male), 52 mg. of a highly active, rather unstable organic 
substance have been isolated. The amount so far obtained was 
sufficient for physiological tests (confined to blood sugar determi- 
nations) but not for chemical identification. 

The flow-sheet on the following page illustrates the method of 
preparing this highly active material. 

Since various modifications in the procedures previously de- 
scribed have been adopted, we shall give specific details : 

The urine used is obtained from men of 17-22 years of age. It 
is preserved with thymol and kept in the ice-box. Urine older than 
3 days is discarded. 

The urine is acidified to methyl red (pH 5) with glacial acetic 
acid. A warm solution of benzoic acid in alcohol (30 gm. benzoic 
acid in 60 cc. 95% ethyl alcohol per liter of urine) is added, drop 


"1 Harrow, B., Science, 1934, 79, 272; Harrow, B., Naiman, B., Chamelin, I. M, 
and Mazur, A., Proc. Soc. Exp. Biot. AND Mep., 1934, 31, 940: Harrow, B., 
Chamelin, I. M., and Mazur, A., Am. J. Physiol., 1934, 109, 436. 
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Urine (250 1.) 


treatment 
with benzoic acid 


v 1 
Ppt. Filtrate 
Treat discard 
with aleohol 
v v 
(A) Ppt. (47 gm.) Filtrate 
| dialysis discard 
1 
Dialysate Residue 
Evap. discard 
and add alcohol 
v 
(B) Ppt. (7.88 gm.) Filtrate 
Dissolve in discard 


water and add 
barium acetate 


d y 
Filtrate Ppt. 
Evap. and add BASO, 
alcohol discarded 
1 1 
(C) Ppt. (52 mg.) Filtrate 
discard 


by drop, with vigorous (mechanical) stirring. The precipitate is 
filtered, sucked dry on a Buchner funnel, extracted with alcohol 
(60 cc. per liter of urine) and centrifuged. (The discarded alcohol- 
soluble fraction contains benzoic acid, male hormone, etc.) The 
precipitate is further washed with small portions of alcohol (a 
total of 30 cc. per liter of urine), twice with ether, centrifuged and 
dried in a vacuum desiccator. This is fraction (A). This fraction 
gives positive biuret, Hopkins-Cole and Millons, questionable nin- 
hydrin‘and Molisch and negative Benedict’s. It gives a weak labile 
sulfur test and a precipitate with phosphotungstic acid. Its ac- 
tivity is equal to 1.1 units per gm. (See Table I.) 

We define our unit of activity as equal to that weight (in gm.) of 
material which, when injected subcutaneously into a 2 kg. female, 
fed rabbit, produces a 100% increase in blood sugar within the first 
3 hours. An average of 3 determinations on different rabbits is 
taken. 

For further purification, (A) is triturated with water (7.5 cc. per 
gm.) containing a little thymol, and the suspension is dialysed in a 
cellulose (Visking) membrane against water (15 cc. per gm.). The 
dialysis is continued for 3 days, the outside solution being replaced 
with fresh water at the end of each 24-hour period. This dialysis 
is carried out in the ice-box at 5-10°C. 

The combined dialysates are evaporated im vacuo to a small volume 
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TABLE I. »» 
Activity Total 
Test sample % increase pergm., activity, 
Fraction mg. Glucose Aver. units units 
A 
Alcohol-insoluble crude 500 58.7 56.4 1.1 51.7 
urine extract, 47 gm. ’”’ 60.1 
from 250 1. urine iad 50.4 
B 
Alcohol-insoluble dialysate 50 23.0 23.5 4.7 38.6 
7.88 gm. solids 24.0 
fd 29.7 28.8 5.8 
27.8 
ay 21.9 21.0 4,2 
20.0 
Cc 
Alcohol-insoluble; free 2.6 22.3 23.0 88 4.3 
from inorganic salts, 23.7 
52 mg. solids 7.5 56.7 55.2 74 
53.7 
13.0 123.2 114.7 88 
106.2 


(keeping the temperature below 37°C.) and alcohol is added to 
make a 95% solution; it is kept in the ice-box overnight. The ma- 
terial is centrifuged, washed with alcohol and ether and dried in a 
vacuum desiccator. This is fraction (B). It gives negative protein 
tests but contains a large percentage of potassium sulfate. Its ac- 
tivity is equal to 4.9 units per gm. (See Table I.) 

The next step in the purification is to remove the sulfates. Most 
of (B) is soluble in water. The SO, in the solution is quanti- 
tatively removed with barium acetate, the filtrate, free from BaSQ,, 
is evaporated in vacuo to a small volume, and alcohol is added to 
make a 95% solution; it is kept in the ice-box overnight. The pre- 
cipitate which forms is centrifuged, washed with alcohol to remove 
the last traces of potassium acetate, then with ether and dried in a 
vacuum desiccator. This is fraction (C). Its activity is equal to 
83 units per gm. (See Table I.) It appears to be entirely organic 
in nature and somewhat unstable on drying, turning brown and 
gummy. 

Table I gives a summary of the results. 

Summary. 1. We have concentrated our active material from an 
activity of 1.1 units per gm. to 83 units per gm. 2. Approximately 
250 liters of male urine yields 52 mg. of this highly active, some- 
what unstable substance. 
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Comparative Studies of Gonadotropic Hormones.* 4. Ovaries and 
Hypophyses of Rats in Chronic Experiments. 


C. F. FLuHMANN. 


From the Department of Obstetrics and Gynecology, Stanford University School 
of Medicine. 


In a previous report’ some significant differences in 3-week ex- 
periments were noted between rats given a gonadotropic prepara- 
tion made from human pregnancy blood and rats injected with an 
extract of sheep anterior pituitary material. The present study 
deals with the changes resulting in the ovaries and hypophysis from 
the use of such hormones for periods varying from 2 months to 
one year. 

Both preparations were made in the same way, by extracting 
with a sodium acetate-acetic acid buffer, pH 4.2 to 4.5 and reprecipi- 
tating with ethyl alcohol, according to the method previously de- 
scribed.* In all cases the experiments were begun when the rats 
were 20 to 23 days of age. A single daily injection of 0.25 cc. of 
each extract was used, and the controls consisted either of small 
numbers of litter-mates or larger groups of rats of the same age. 

Sheep Anterior Pituitary Extract. When given to immature 
rats once daily for 5 days, the sheep anterior pituitary extracts pro- 
duced an average increase of ovarian weight varying from 70 to 
267%. In 63 days, the average increase in the ovarian weight of 
6 rats was 153% (body weight 135 gm., ovaries 0.114 gm.), and 
after 94 days the ovaries of 3 animals had an average increase in 
weight of only 57%, while the anterior pituitary gland gave an 
increase of 44% (body weight 174 gm., ovaries 0.107 gm., hypophy- 
sis 0.013 gm.). The continued daily administration of the extract 
resulted in a further decrease in the size of the ovaries, while the 
hypophysis remained larger than normal. After 150 days the 
ovaries of 5 rats gave a 47% diminution in weight as compared to 
the controls, while the hypophysis showed a 27% increase (body 
weight 190 gm., ovaries 0.031 gm., hypophysis 0.014 gm.). Five 
rats injected for 179 days gave an average diminution in ovarian 

* Supported in part by a grant from the Rockefeller Fluid Research Fund of 
Stanford University School of Medicine. The sheep anterior pituitary glands 
were supplied by Messrs. Parke, Davis & Company, through the courtesy of Dr. 
EK. A. Sharp. 


1Fluhmann, C. F., Am. J. Physiol., 1933, 106, 238. 
2 Fluhmann, C. F., Proc. Soc. Exp. Bron. AND MeEp., 1932, 29, 1193. 
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weight of 37%, while the hypophysis increased 66% (body weight 
206 gm., ovaries 0.042 gm., hypophysis 0.016 gm.). 

The histologic examination of the ovaries and anterior pituitary 
glands presented some interesting changes. The ovaries of the rats 
injected for 63 days showed the characteristic picture of small cor- 
pora lutea, lutein cysts, and developing graafian follicles. In 94 days 
they gave essentially the same findings, but the anterior hypophysis 
showed a marked increase in the number of basophilic cells with 
many vacuolated “castration cells’. After 150 and 179 days the 
changes in the anterior lobe were present to a more marked degree, 
while the ovaries had undergone a pronounced atrophy, which was 
also noted in the uterus and vagina. The ovaries generally con- 
tained a few atretic follicles but no corpora lutea, and the stroma 
showed fibrous tissue growth with hyaline degeneration. 

Pregnancy Blood Extract. The administration to female rats of 
a chorionic gonadotropic hormone prepared from blood of preg- 
nant women resulted in an increase of ovarian weight without the 
subsequent marked diminution in size which has been reported from 
the use of similar extracts made from pregnancy urine or placentae 
(Zondek,* McPhail,* Collip et al.,> Wolfe®). During the first 175 days 
of this experiment a dilution of the extracts was used, which in 5 
days induced an average increase of 130% in the weight of the 
ovaries of 20 immature rats, but subsequently the preparations 
were employed at a dosage which produced an average 5-day in- 
crease of 250% in 7 young rats. The average increase in ovarian 
weight of 11 rats injected for 28 days was 400% and in the weight 
of the hypophysis, 25% (body weight 75 gm., ovaries 0.071 gm., 
hypophysis 0.004 gm.); in 59 days the ovaries of 7 rats showed 
increases of 200% and the hypophysis 80% (body weight 103 gm., 
ovaries 0.137 gm., hypophysis 0.009 gm.) ; in 90 days, 9 rats gave 
an average increase in the weight of the ovaries of 289% and the 
hypophysis of 48% (body weight 152 gm., ovaries 0.240 gm., 
hypophysis 0.012 gm.) ; and in 193 days the ovaries had increased 
343% in weight while the hypophysis gave the same average weight 
as the controls (body weight 188 gm., ovaries 0.232 gm., hypophysis 
0.013 gm.). Four rats were injected daily for 272 days, and owing 
to the wide variations found in organ weights it seems more accu- 


3 Zondek, B., Die Hormone des Ovariums und des Hypophysenvorderlappens, 
Julius Springer, Berlin, 1931. 

4 McPhail, M. K., J. Physiol., 1933, 80, 105. 

5 Collip, J. B., Selye, H., Thomson, D. L., and Williamson, J. E., Proc. Soc. 
Exp. Bion. AND Mep., 1933, 30, 590. 

6 Wolfe, J. M., Anat. Rec., 1935, 63, 1. 
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rate to quote the gross weights of each animal instead of using the 
average for the whole group. The body weights were 235, 248, 232, 
and 251 gm., the ovaries 0.091, 0.312, 0.337, and 1.137 gm., and 
the hypophysis 0.018, 0.031, 0.033, and 0.018 gm., while 2 controls 
gave an average body weight of 204 gm., ovaries 0.066 gm., and the 
hypophysis 0.011 gm. The injections were continued for 365 days 
in 2 animals. One (No. 25) became ill toward the end of the ex- 
periment and weighed only 190 gm., while the ovaries weighed 
0.205 gm., and the hypophysis 0.008 gm. The second rat (No. 37) 
weighed 253 gm., ovaries 0.236 gm., and hypophysis 0.034 gm., 
as compared to the average of 2 littermate controls with body weight 
242 gm., ovaries 0.068 gm., and hypophysis 0.014 gm. 

The histologic examination of the ovaries of the rats injected for 
272 days or less showed the presence of developing follicles, lutein 
cysts, large corpora lutea, and a hypertrophy of the stromal cells. 
A characteristic finding was the occurrence of relatively large cysts 
lined with connective tissue, which increased in number as the ex- 
periment progressed. The ovaries of the rats injected for one year 
contained many such cysts, the stroma was atrophic, there was an 
extensive round-cell infiltration and many phagocytic cells contain- 
ing blood pigment. The enlarged anterior lobes showed changes 
apparently comparable to those found by Severinghaus,’ Wolfe et 
al.,° and Wolfe® following the injection of pregnancy urine, namely, 
an increase of chromophobes and a decrease in eosinophiles, but 
careful cell-counts were not conducted. The uteri of 2 rats injected 
for 272 and 365 days respectively showed an extensive metaplasia 
of cylindrical epithelium to squamous epithelium. The mucosa 
of the-vaginae of rats treated for 193 days or longer underwent 
extensive vacuolization and the lumina were lined with tall, strat- 
ified, mucified cells. 


Summary. The daily administration for periods of 2 to 6 
months: of a sheep anterior pituitary extract to female rats re- 
sulted in a marked atrophy of the ovaries after a preliminary in- 
crease in weight. This change was associated with an increase in 
the weight of the hypophysis and the appearance of many “castra- 
tion cells” in the anterior lobe. 

The continued daily injection of a gonadotropic preparation 
made from blood of pregnant women produced a marked increase 
in ovarian weight which was maintained for as long as one year. 
The hypophysis also showed a marked increase in weight which was 


7 Severinghaus, A. E., Anat. Rec., 1934, 60, 43. 
8 Wolfe, J. M., Bllison, H. T., and Rosenfeld, L., Anat. Rec., 1934, 60, 357. 
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associated with histologic changes affecting the chromophobes and 
eosinophilic cells. 


8755 P 


Cytological Studies of Biopsied Pernicious Anemia Bone Marrow 
During Relapse. 


OLIvER P. Jones. (Introduced by C. M. Jackson.) 


From the Hematological Laboratory, Department of Anatomy, University of 
Minnesota, 


In the past we have reported that in pernicious anemia marrow 
during relapse there is a pathologic hemoglobiniferous series, 
the megaloblastic, which is not related to the normoblastic or defini- 
tive red cell series." The only thing these two series have in com- 
mon is their ancestral cell, the myeloblast. The present report deals 
with certain observations which were made while the above men- 
tioned work was in progress and takes into consideration patholog- 
ically altered neutrophils and megakaryocytes found in pernicious 
anemia marrow. 

The present investigation was carried out upon nine bone mar- 
rows from patients with pernicious anemia during relapse. Six 
were prepared by smearing freshly aspirated sternal marrow and 
three were dry imprints (abklatsch). All preparations were stained 
with May-Griinwald-Giemsa combination of Pappenheim. The best 
morphological detail of marrow cells was elicited by the dry im- 
print method, consequently these preparations were studied more 
intensively than films of aspirated marrow. 

Studying large neutrophils (macropolycytes) revealed that their 
entire life history is quite different from that encountered in normal 
bone marrow. As early as the leukoblast stage the nucleus has as- 
sumed a polymorphic shape as indicated by peculiar protuberances 
and invaginations. During the promyelocyte stage the nucleus 
may be shaped like a giant “stab’’ form. In other words, nuclear 
development and maturation has preceded that of the cytoplasm to 
such an extent the large pathologic neutrophils have skipped myelo- 
cytes and metamyelocyte stages. This particular point has been pre- 
viously mentioned by Tempka and Braun.” Generally the arrange- 

1 Jones, O. P., Anat. Rec. (Suppl.), 1934, 58, 23; ibid., 1935, 61, 57. 

2Tempka and Braun, Folia Haematol., 1932, 48, 355. 
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ment of chromatin is less compact than that of corresponding stages 
in the normal neutrophil. The cytoplasm of promyelocytes may 
contain either rarified areas of light hyaloplasm or distinct vacuoles. 
These cytoplasmic vacuoles tend to disappear as the pathologic neu- 
trophils mature. When these cells have obtained their full com- 
plement of granules practically all the vacuoles have vanished. Be- 
sides these vacuoles in the cytoplasm there are holes in the nuclei. 
These commence as. a single definitely circumscribed hole in the 
nuclear material which later tends to become drawn out into an 
irregularly shaped space. Single large holes are found in some mye- 
locytes which give them the appearance of a “doughnut”. Other 
pathologic neutrophils were found with three or more holes in 
the nucleus, each being separated from the other by a strand of 
chromatin material of varying thickness. It is by means of these 
holes in the nuclear material that the pathologic neutrophil ulti- 
mately attains the morphology of macropolycytes (II and III) 
described by Cooke.* 

Tempka and Braun? have interpreted these findings to indicate 
characteristics of degenerative alterations of the neutrophil. Our 
interpretation is that they represent processes in the maturation 
and development of a pathologic neutrophilic series. It is by means 
of this precocious nuclear polymorphism along with the appearance 
of holes in the nuclear material that the bizarre-shaped nuclei of the 
pernicious anemia neutrophil (macropolycyte) develop. This find- 
ing agrees with the third hypothesis of Cooke’s in which he as- 
sumes that “the polymorph is inherently abnormal owing to a de- 
fect in its parent, the hemocytoblast, or in its environment’”’; for, it 
has been shown that these pathologic alterations commence as early 
as the leukoblast stage and can be traced through the subsequent 
promyelocyte and myelocyte stages to the pernicious anemia neutro- 
phil of the circulating blood. 

The megakaryocytic system is involved in some bone marrows, 
but not to the extent claimed by Tempka and Braun.” These auth- 
ors found numerous megakaryocytic nuclei devoid of cytoplasm 
and believe this to be the result of the same process which effected 
the erythropoietic and leukopoietic systems. The type of pathologic 
megakaryocyte which we encountered was an intensely basophilic 
one with a polymorphic nucleus. The cytoplasm was devoid of 
azurophilic granules. Normally when the nucleus is polymorphic 
the cytoplasm contains azure granules and is not as basophilic as 
the pathologic ones. Here it seems that the nucleus is maturing 


3 Cooke, W. E., J. Lab. and Clin. Med., 1934, 19, 453. 
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while the cytoplasm shows no tendency to develop azure granules 
and form platelets The pathologic alteration of the megakaryocytes 
in some pernicious anemia bone marrows may account for the de- 
crease in platelets occasionally found in cases of pernicious anemia. 

From these observations upon the qualitative alterations of the 
marrow cells one must conclude that the lack of anti-pernicious 
anemia principle produces a panmyelopathy, in that three distinct cell 
lines are effected. The normoblastic or definitive series is inhibited 
while the pathologic red cell series, the megaloblastic, proliferates. 
The neutrophilic series is effected to the extent that there is develop- 
ing in the marrow a pathologic series which gives rise to the ab- 
normal pernicious anemia neutrophils (macropolycytes) of the 
peripheral blood. Also, in some cases the megakaryocytes are path- 
ologically altered so that they are not producing platelets. This 
interpretation of the panmyelopathy in pernicious anemia is dif- 
ferent from Tempka and Braun’s* in that we do not believe the 
qualitative alterations in the neutrophils and megakaryocytes repre- 
sent degenerative manifestations. The very fact that all of these 
above mentioned alterations disappear under adequate therapy and 
the marrow returns to normal favors our interpretation.* 


8756 P 


The Isolation of Brucella abortus from the Blood-Stream 
of Cattle.* 


C. P. Fircu, Lucitte M. BisHop anp MARGARET D. KELLY. 


From the University of Minnesota Agricultural Experiment Station, St. Paul. 


Soule* has perhaps done the most extensive work on this subject. 
His method consisted of adding 50 cc. of whole blood to 450 ce. of 
glycerol-infusion-broth and then incubating under 10% carbon 
dioxide. More than 5000 ordinary “‘herd-run” cattle were studied. 
Two series of tests were made on each animal at intervals of ap- 
proximately 6 months. In the first series of tests agglutinins were 
present in the blood of 2,237 of the animals but only 299 gave posi- 
tive blood-cultures. In the second series agglutinins were present 


4 Tochowicz, L., Folia Haematol., 1934, 58, 16; Braun, B., ibid., 1934, 53, 27. 

* Paper No. 1429 of the Journal Series of the Minnesota Agricultural Experi- 
ment Station. 

1 Soule, M. H., Premier Congrés International de Microbiologie, 1930, 1, 606. 
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in 2,607 cases with 206 positive blood-cultures. There were 40 
positive blood-cultures without concomitant agglutinins. 

This cultural method evidently requires extreme aseptic pre- 
cautions in order to prevent contamination of the cultures with 
extraneous organisms. In our use of this technic, contaminations 
with molds, spore-forming’ bacteria, and gram-positive cocci oc- 
curred in nearly two-thirds of our cultures and we isolated Brucella 
abortus but once in 75 attempts. 

Because of these discouraging results we studied 4 other methods, 
using the blood of cattle and more extensively the blood of guinea 
pigs. Rainsford’s* method of removing all the serum from a clot 
of blood and then culturing the clot was used as well as the technic 
of Boez and Robin.’ The latter authors maintain that the bacteri- 
cidal action of the blood is destroyed by mixing it with an acid 
citrate which prevents clotting and reduces the pH to approximately 
5.5. This acidity will not kill the bacteria but does not allow their 
multiplication. The acidity is counteracted by cultivation in an 
alkaline medium at pH 8.3. The mixed blood and medium attain a 
pH of approximately 7.5 which is suitable for the growth of the 
majority of bacteria. Haring* has had success drawing blood into 
sufficient sodium citrate to prevent clotting, heating to 56°C. for 
15 minutes and inoculating blood agar slants with the heated mix- 
ture. . Stewart et al.” recommend the method of Massa and Bat- 
tistini®: The blood is collected in liquoide ‘‘Roche” (sodium polyan- 
etholsulphonate), which is anticoagulant and destructive of leuko- 
cytes but not bacteria, Ten cc. of blood are drawn into 2 cc. of 1% 
aqueous solution of liquoide. The mixture is incubated for 10 days 
and then transplanted to agar slants. Continued incubation of the 
blood and liquoide mixture may be allowed and subcultures made at 
intervals. 

The blood of each of 12 cows with long-standing Bang’s disease 
was tested at least once by the above 5 technics. Brucella abortus 
was isolated but once from 105 cultures; this isolation was made by 
the acid-citrate method. 

A study was then made to determine if a bacteremia was present 
in the incubative stages of the disease. Two heifers in early preg- 
nancy were artificially infected. Daily blood-cultures were made 

2 Rainsford, S. G., J. Roy. Nav. M. Serv., 1933, 19, 1. 

3 Boez, L., and Robin, L. H., Compt. rend. Soc. de biol., 1929, 101, 1009. 

4 Haring, C. M., personal communication. 

5 Stewart, B., et al., California and West. Med., 1935, 48, No. 2. 

6 Massa, M., and Battistini, G., Ztschr. fiir Bakt., 1 Abt., Originale, 1934, 
131, 241. 
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from these animals using Haring’s heated citrate method. Table I 
shows the results of this study. 


TABLE I. 
Agglutinative 
Animal Type and date titre Brucella abortus isolated 
No. of infection of 1:100 on following dates 
342 Per os, 1-28-36 3-2-36 Feb. 26, Mar. 2, 7,11, 18, 24, 27, May 1 


349 Conjunctival, 2-13-36 2-24-36 Feb. 24, Mar. 3, 4, 11, 28, April 28, May 5 


Libke’ found a bacteremia in 90.4% of 21 recently infected ani- 
mals and 5.9% of 81 cases of old infections. These studies were 
made by inoculating guinea pigs with 5 cc. of citrated blood and 
later culturing the guinea pigs. Direct cultures from the blood were 
not attempted. This inoculative method did not yield as good re- 
sults in our hands as cultural methods. Cultures and inoculations 
were made in duplicate in 40 cases. Brucella abortus was never iso- 
lated by the inoculative method but was isolated 7 times by culture. 
On several occasions only 1 or 2 colonies of Brucella were found, 
indicating that relatively few bacteria were present in the blood. 
The numbers were probably not sufficient to infect the guinea pigs. 

Supplementary work on cultural methods was done on the blood 
of guinea pigs. It was determined that a bacteremia occurs regu- 
larly 24-48 hours after intra-abdominal inoculations with Brucella 
abortus. Cardiac punctures were made at this time on 33 of the 
guinea pigs. Six cc. of blood were drawn from the heart and used 
in 1 cc. amounts to compare the above technics. Brucella abortus 
was isolated from 27 of these samples by one or more methods. It 
was isolated 12 times from the clot, 15 times from the whole-blood 
infusion-broth, 17 times from the acid citrate, 18 times from the 
heated citrate, and 21 times from the liquoide cultures. 

These results indicate that a bacteremia is not common in cattle 
with long-standing Bang’s disease, but may be easily detected in re- 
cently infected cattle; also that the acid citrate, the heated citrate 
and the liquoide culture methods are efficient for detecting a bac- 
teremia due to Brucella abortus. 


TLiibke, A., Ztschr. f. Infektionskr., 1935, 47, 240. 
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Sensory Nerve Terminations Associated with Peripheral 
Blood Vessels. 


Raymonp C. Truex. (Introduced by Albert Kuntz. ) 
From the St. Louis University School of Medicine. 


The end organs in the walls of the arteries and veins and peri- 
vascular tissue in the forelimb of the cat, which are connected with 
afferent nerve fibers, have been studied with the aid of a modified 
pyridine-silver technique in preparations in which the sympathetic 
nerve fibers had undergone degeneration following extirpation of 
the inferior cervical sympathetic ganglion. Eight cats were sub- 
jected to this operation under aseptic conditions and allowed to live 
46 to 81 days in order to insure complete degeneration of the sympa- 
thetic fibers supplying the vessels in question. 

The end organs observed in the perivascular tissue include deli- 
cate skein-like structures made up of the terminal branches of slen- 
der nerve fibers, groups of cells aggregated in fatty interspaces, 
and arborizations of coarser nerve fibers the terminal branches of 
which form brush-like structures which ultimately end freely or in 
relation to small rounded cells. The fibers connected with these end 
organs deviate from nerves in the adventitia. 

The end organs in the adventitia are coarser than those in the 
perivascular tissue. Those observed in the proximal portions of 
the larger arteries are connected with myelinated fibers which 
divide into short stout processes and end as dark club-shaped 
knobs. Similar structures with finer and more diffuse terminations 
were also observed. 

The endings in the adventitia of the distal muscular arteries are 
neither as thick nor as extensive as those observed in the larger 
arteries and the perivascular tissues, and are confined to the middle 
or deeper zones. They lie in relation to small refractive cells and 
are of 3 types: ramifying myelinated fibers with unmyelinated 
terminal branches; segmented structures adjacent to the muscular 
coat, and tortuous individual fibers which end in relation to single 
falciform cells. 

No specialized nerve-endings were observed in the media. Un- 
myelinated afferent nerve fibers enter this layer in slender bundles 
after a spiral course parallel to the longitudinal axis of the vessel, 
and after a tortuous course end freely in the connective tissue be- 
tween the smooth muscle cells. 
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Afferent nerve fibers to veins have been observed only in the ad- 
ventitia, where they run a straight course without extensive plexus 
formation. Sensory end-organs connected with these fibers have 
been observed in the larger veins, but not in the distal smaller ones. 

Some of the earlier investigators have described delicate nerve 
fibers, presumably afferent in character, which terminate in the 
intima. No nerve fibers could be observed in the intima in any of 
our preparations. No ganglion cells were observed along any per- 
ipheral vessels. 

The afferent end organs described above are morphologically 
similar to certain of those described by Sunder-Plassman (1930)* 
in the carotid sinus and those described by Larsell (1921, 1922, 
1935)? and Larsell and Dow (1933)* in the respiratory tract. 


8758 C 


Coexistence of Nuclear Inclusions in Salivary Glands and 


Kidneys of Wild Rats.* 


La BeeRBCROR: 


From the Anatomical Laboratory, Washington University, St. Louis. 


The purposes of this study were: (1) To ascertain whether intra- 
nuclear inclusions, similar to those found in wild rats in England” ? 
and China,® * occur also in the United States. (2) To discover 
whether, if present, they are restricted to salivary glands as has 
been described.* (3) To demonstrate whether a virus, responsible 
for their formation, is transmissible to laboratory rats. 

A series of 120 wild rats was collected at 16 different locations 
in St. Louis. All were trapped or shot on rubbish heaps, except 
8 which were captured at a meat packing plant; and all were brown 


1 Sunder-Plassman, Paul, Zeitschr. f. Anat. und Hntwg., 1930, 98, 567. 

2 Larsell, O., J. Comp. Neur., 1921, 38, 105; ibid., 1922, 85, 97; ibid., 1935, 
61, 407. 

3 Larsell, O., and Dow, R. S., 4m. J. Anat., 1933, 52, 125. 

* Aided by a grant from the Rockefeller Foundation for research on virus 
diseases. 

1 Hindle, E., and Stevenson, A. C., Tr. Roy. Soc. Trop. Med. and Hyg., 1929-30, 
28, 327. 

2 Hindle, H., Nature, 1932, 129, 796. 

3 Kuttner, A. G., and Wang, S. H., J. Hap. Med., 1934, 10, 773. 

4 Kuttner, A. G., and T’ung, S., J. Hap. Med., 1935, 62, 805. 
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rats (Rattus norvegicus) except 2 which were black (Rattus rattus). 
Their weights ranged from 45 to 541 gm. with an average of 300.2 
gm. There were 50 males and 70 females. The parasites found 
in 100 members of the series have been described.* Tissues were 
fixed in Zenker’s fluid and stained in hematoxylin and eosin. Care 
was taken to examine all of them with as nearly as possible equal 
thoroughness. 

Nuclear inclusions were found in both the submaxillary glands 
and kidneys of 24, and in the kidneys alone of 87 of these wild 
rats. Evidently, therefore, the limitation to the salivary glands 
reported by Kuttner and Wang* for Chinese wild rats did not hold 
for wild rats in the St. Louis area, but these investigators showed 
that, when white rats were injected with salivary glands containing 
inclusions, inclusions were formed in their kidneys. This indicates 
that a single virus may be responsible in this series for the for- 
mation of the nuclear inclusions in both salivary glands and kidneys. 

Examination failed to reveal the natural occurrence of nuclear 
inclusions in the submaxillaries and kidneys of 50 white rats in our 
colony. An attempt was made to transmit a virus from wild rats 
to white rats. The kidneys of 2 wild rats, proved to contain typical 
inclusions, were emulsified in sterile salt solution and passed through 
a Berkefeld N filter. Four lots, each of 2 rats, were given intra- 
peritoneally 1 cc., subcutaneously 1 cc., intraglandularly (submax- 
illary) 1 cc., and intracerebrally 0.5 cc., respectively, of the filtrate. 
They were killed at intervals up to the 20th day but no inclusions 
could be found in salivary glands, kidneys or nervous system. 

The inclusions in the submaxillaries of these wild rats resemble 
those previously reported in other species*”*® but they differ from the 
inclusions described and figured by Thompson® in the salivary 
glands of white rats; which are not surrounded by similar unstained 
areas and are smaller. They were, moreover, absent in rats of less 
than 245 gm., whereas Thompson found inclusions only in young 
rats and not in 12 rats 6 months old. The smallest rat exhibiting 
renal inclusions weighed 102 gm. and only 3 rats over 100 gm. 
failed to show them. It is likely that the age of virus invasion, 
under the conditions prevailing in this series, is fairly definite and 
that it usually attacks the kidneys first and then spreads to the sub- 

5 Tsuchiya, H., and Rector, L. E., J. Parasit., 1935, 21, 426. 

6 Ribbert, H., Centralbl. f. allg. Pathol. u. path. Anat., 1904, 15, 945. 

7 Jackson, L., J. Inf. Dis., 1920, 26, 347. 

8 Thompson, M. J., J. Inf. Dis., 1932, 50, 162. 

9 Rector, L. HE. and E. J., Proc. Soc. Exp, Bron. anp Mep., 1933, 31, 192. 

10 Thompson, J., Am. J. Path., 1934, 10, 676. 
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maxillary glands in some animals. The virus appears to be quite 
benign, because there were no accompanying infiltrative or degener- 
ative changes in the kidneys, and, in the submaxillary glands, such 
alterations were more often absent than present. Measurements of 
the inclusions reveal considerable uniformity in size which is 
thought** ” to indicate a static rather than an active process. 
Whether this virus in wild rats is capable of infecting humans is 
an open question although inapparent salivary gland viruses are 
remarkably species specific. It has been shown, however, that a 
virus ordinarily restricted to the salivary glands under certain con- 
ditions may be induced to extend widely through the body.** 
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Mechanism of Formation of Hexosemonophosphate in Muscle 
and Isolation of a New Phosphate Ester. 


C. F. Cort anp G. T. Cort. 


From the Department of Pharmacology, Washington University, School of Med- 
icine, St. Louis, 


Experiments performed on intact frog muscle indicated’ that hex- 
osemonophosphate, in contrast to hexosediphosphate, is formed by 
esterification with inorganic phosphate.* A further study of this 
problem was carried out on minced frog muscle which was almost 
completely inactivated (in regard to lactic acid formation) by 3 to 
4 extractions with distilled water. When such muscle, which con- 
tains only 2 to 4 mg. % of organic, acid-soluble P, is incubated 
anaerobically for 3 hours in isotonic phosphate buffer, the organic P 
content rises to 8 to 13 mg, % due to the formation of hexosemono- 
phosphate, Addition of small amounts of adenylpyrophosphoric or 
of adenylic acid greatly enhances the formation of hexosemonophos- 
phate, as shown in Table I . The experiments indicate that hexose- 
monophosphate is formed from inorganic phosphate and_ that 
adenylic acid serves as the mediator of this reaction. 

Observations after short periods of incubation showed that the 
first phosphorylation product is not hexose-6-phosphoric acid 


11 Rector, E. J. and L. B., Am. J. Path., 1934, 10, 629. 

12 Cowdry, E. V., and Scott, G. H., Am. J. Path., 1935, 11, 647. 

13 McCordock, H. A., and Smith, M. G., J. Exp. Med., 1936, 63, 303. 

1 Cori, G. T., and Cori, C. F., Summaries of Communications, XVth Interna- 
tional Physiological Congress, p. 66, 1935. 
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TABLE I. 
Effect of Coenzyme on Hexosemonophosphate Formation in Inactivated Muscle. 
Minced muscle was extracted 3 times with 20 times its weight of distilled 
water and was incubated anaerobically in isotonic phosphate buffer (pH 7.2) at 
20° for 3 hours. 
Values in mg. per 100 gm. muscle. 


Hexosemonophosphate 
Pi iP Lactic Additions 
hexose found  eale. acid (per 100 gm. muscle) 
15 3 6 Incubated in isotonic KCl 
68 10 12 8 
162 32 28 30 6 mg. adenylpyrophosphate P 
75 11 13 10 
141 36 24 25 6 mg. adenylpyrophosphate P 
68 13 12 10 
264 59 46 26 12 mg. adenylic acid P 
48 8 8 10 
119 28 21 12 Cee t' Eee, 


(Embden ester), but a new ester which is slowly converted to the 
6-phosphoric acid under the conditions of these experiments. 
(Table II.) After one and 2 hours of incubation much more or- 
ganic P is present than can be accounted for on the basis of reducing 
power, assuming the latter to be due to hexose-6-monophosphate. 
Hydrolysis in N H,SO, at 100° for 10 minutes revealed the pres- 
ence of a compound which (unlike the 6-monophosphoric acid) is 
easily hydrolyzed in acid and which yields equivalent amounts of 
fermentable sugar and inorganic phosphate. 

The new compound was isolated from 4 different preparations. 
About 100 gm. of minced and washed muscle, to which 120 mg. of 

TABLE II. 


Effect of Length of Time of Incubation on Phosphorylation. 
Values in mg. per 100 gm. muscle. 


Hexosemonophosphate fraction 


Time 122 a Additions 
br. hexose found  cale. (per 100 gm. muscle) 
0 5 0.9 « 
1 79 62 14 13 mg. adenylic acid P 
2 131 69 23 a2 ?) a? a? 2? 
3 952 67 43 9? 2? 2? 2. 


After 10 min. hydrolysis in N H2SO4. 
Fermentable Sugar 


Inorg. P found cale. 
Ve MB aa SE Ta ea Past SE SL eS 
1 39 219 226 
2 45 256 261 
3 20 122 116 


en SS rc een) 
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adenylic acid had been added, was incubated for one hour in phos- 
phate buffer. After deproteinization with HgCl., the water-soluble 
barium salts were precipitated with alcohol. The soluble barium 
salts consisted of about 65% of the new compound, the remainder 
being the adenylic acid added and the small amount of hexose-6- 
phosphoric acid formed. Fractionation of the barium salts was not 
successful and they were therefore converted to the brucin salts. 
After removal of most of the adenylic acid by concentrating the 
aqueous solution of the brucin salts to a small volume, the remainder 
of the brucin salts was evaporated to dryness. The semi-crystalline 
residue was extracted with hot methyl alcohol containing 1% ethyl 
alcohol. On cooling the ester crystallized out in the form of fine 
needles which soon formed large aggregates. After recrystallization 
from methyl alcohol, the brucin salt was reconverted to the barium 
salt and purified further by repeated solutions in water and precipi- 
tations with alcohol. The final product contained 1.5% of an ester 
difficult to hydrolyze in acid as judged by the ratio of easily hydrol- 
yzable to total organic P. 

Elementary analyses for C, H, P, and Ba and determination of 
the sugar formed after hydrolysis (by means of hypoiodite) agreed 
with a compound of the composition of C,H.,O;.PO,Ba.3H:20. 
[a]% = 75.5° (calc. for the anhydrous barium salt in water; conc. 
1.26%). During hydrolysis in 0.01 N HCl at 70°, sugar and in- 
organic phosphate were liberated at the same rate, the percentages 
being 21.1, 38.3, 62.0 and 76.3 for the 30, 60, 120, and 180 minute 
periods, respectively. The percentages calculated for a velocity 
constant of 3.47x10° were 21.4, 38.1, 61.9, and 76.2, respectively. 

The ester (when unhydrolyzed) does not reduce alkaline copper 
solution and does not react with hypoiodite, and it can be heated 
to 130° without discoloration, all factors which point to the absence 
of a free reducing group. We believe that the new ester is an 
aldose-1-phosphoric acid, the sugar being presumably glucose. 

When the new ester is added to frog muscle extract, it is con- 
verted in a few minutes to an ester difficult to hydrolyze in acid and 
possessing reducing power, presumably hexose-6-phosphoric acid. 
The same change occurs in muscle extract inactivated by dialysis, 
so that the presence of the coenzyme system does not appear to be 
necessary for the wandering of the phosphate group. 


Summary. In minced and washed frog muscle incubated in 
phosphate buffer, added adenylic acid transfers inorganic phosphate 
to carbohydrate resulting in the formation of hexosemonophosphate. 
The first phosphorylation product proved to be a new ester which 
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was isolated as the crystalline brucin salt and had the properties of 
glucose-1-phosphoric acid; when added to frog muscle extract it 
was converted in a few minutes to the Embden ester. 
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Effect of Excessive Dietary Sodium Chloride upon Liver and 
Muscle Glycogen in the Rat. 


D. GLEN CRABTREE AND BERNARD B. LONGWELL. (Introduced by 
Robert C. Lewis.) 


From the Department of Biochemistry, University of Colorado School of Medicine, 
Denver, Colorado. 


Chaikelis,’ in 1934, stated that the inverse ratio between blood 
chlorides and blood sugar was not a compensatory mechanism 
concerned with the maintenance of proper osmotic pressure rela- 
tions. He suggested that the blood chloride change was associated 
with some phase of carbohydrate metabolism.’ Following his report 
an investigation was started in this laboratory to determine what 
effect variations in the amount of sodium chloride in the diet would 
have upon the deposition of glycogen in the liver and muscles of the 
white rat. 

Methods. Series 1. Young male rats were divided into 18 groups 
consisting of three animals each, the majority of which did not vary 
in weight by more than 10 gm. One animal of each group was 
placed on a diet poor in chlorides, one was placed on a diet rich in 
chlorides, and the third received a control diet. The control diet 
consisted of casein 33 percent, agar agar 2 percent, Osborne and 
Mendel? salt mixture 4 percent, cod liver oil 2 percent, butter 
(unsalted) 7 percent, yeast 8 percent, and sucrose 44 percent. The 
chloride poor diet was of the same composition as the control diet ex- 
cept that the Osborne and Mendel “‘chloride free” salt mixture’ was 
substituted for the complete salt mixture which was used in the 
contrel diet. The chloride rich diet consisted of a food mixture of 
the same composition as the chloride poor diet with the addition of 
NaCl to a level of 6.25 percent of the total diet. Distilled water 


was given ad libitum. 
The animals were kept in individual cages over wire screens. The 


1 Chaikelis, A. S., J. Biol. Chem., 1934, 105, 767. 
2 Osborne, T. B., and Mendel, L. B., J. Biol. Chem., 1918, 34, 131, 
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temperature of the room was controlled so that it did not vary from 
75°F. by more than 4 degrees. 

The diets described above were fed for 10 to 15 days, and the 
experimental period was terminated by a 24-hour fast, at the end 
of which time the animals were anesthetized with sodium amytal. 
The gastrocnemius muscle was exposed and frozen in situ by means 
of a mixture of solid CO, and ether, and the frozen muscle was 
removed and immersed in this mixture. The liver was then re- 
moved and frozen immediately in the same manner. The tissues 
were weighed in the frozen state and analyzed for their glycogen 
content by the method of Good, Kramer and Somogyi.’ The glyco- 
gen hydrolysates were analyzed for their glucose content by the 
method of Shaffer and Somogyi.* 

Series 2, Using the same technic, a second series of experiments 
was carried out upon 20 groups of three animals each. The liver 
glycogen only was determined in this series. The animals were 
maintained upon the experimental diets for 22 to 30 days. The diets 
were identical with those used in Series 1 with the exception that the 
chloride rich diet contained 9.09 percent NaCl. 


TABLE I. 
The Effect of Variations in Dietary NaCl upon Liver and Muscle Glycogen. 


———— Series 1* ———_—___ — Series 2+ — 

Liver glycogen Muscle glycogen Liver glycogen 

Diet (gm./100 gm.) (gm./100 gm.) (gm./100 gm.) 
Control diet 0.18 + .01 0.29 + .005 0.30 + .03 
Chloride poor diet 0.19 + .02 0.32 + .007 0.37 + .04 
Chloride rich diet 0.31 + .03 0.31 + .010 0.75 + .03 


*Series 1. The chloride rich diet contained 6.25% NaCl. 
+Series 2. The chloride rich diet contained 9.09% NaCl. 


Results. The results of these experiments are given in Table I. 
In order to conserve space we are not reporting the glycogen values 
of individual animals at this time; therefore, only the mean values 
and the probable error of each mean are given. In both series of ex- 
periments the rats which received a diet rich in sodium chloride 
showed a large increase in liver glycogen. The chloride poor diet did 
not have any significant effect upon the liver glycogen stores. The 
results obtained from the muscle glycogen determinations showed 
that the mean values obtained from the groups on the chloride poor 
and chloride rich diets did not vary strikingly from the mean value 
obtained for those on the control diet. This, however, is being re- 
investigated at the present time. 


3 Good, C. A., Kramer, H., and Somogyi, M., J. Biol. Chem., 1933, 100, 485. 
4 Shaffer, P. A., and Somogyi, M., J. Biol. Chem., 1933, 100, 695. 
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We have made no studies to ascertain the mechanism by which 
excessive amounts of sodium chloride in the diet cause an increase 
in liver glycogen stores, but we plan to do so in the future. A study 
is now in progress to determine whether the sodium ion, the chlo- 
ride ion or a combination of the two is responsible for the results 
obtained. : 

These results are of considerable interest in connection with the 
observation of McQuarrie and coworkers® ® that when large amounts 
of sodium chloride were added to the diet of diabetic children the 
fasting blood sugar was lowered and glycosuria was decreased. 
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Volume Changes of Smooth Muscles of Phascolosoma During 
Activity. 


ERNstT FISCHER. 
From the Marine Biological Laboratory, Woods Hole. 


Meyerhof’s method* of measuring the volume changes of am- 
phibian muscles was applied to the smooth muscles of Phascolosoma, 
a marine worm, belonging to the Sipunculidea. Using the retractor 
muscle in the volume chamber, after single or tetanic stimulation, 
a temporary change in volume was observed, starting almost simul- 
taneously with the isometric mechanogram. However, only in a 
few of the experiments was the course of the volume curves more or 
less parallel to the tension curves. Often the volume curves showed 
2 phases; sometimes even 3 were present. The direction of the 
volume changes varied greatly from experiment to experiment; but 
in general there was a tendency towards volume increase. The 
maximum change occurring in the course of the volume curves was, 
on the average, of the order of magnitude of 0,000 005 of the total 
muscle volume. The dependence of direction of the volume change 
on the initial length of the muscles could not be demonstrated so 
clearly for the Phascolosoma, retractor as for amphibian muscle 


Pa NES Oy SUS MeN ee Bs 2 ee eee 

5 Thompson, W. H., and McQuarrie, I., Proc. Soc. Exp. Bion. anD Mep., 1934, 
31, 907. 

6 McQuarrie, I., Thompson, W. H., and Anderson, J. A., J. Nutrition, 1936, 
ns rare 

1 Meyerhof, O., u. Hartmann, H., Pfliig. Arch. f. d. ges. Physiol., 1934, 234, 
722; Meyerhof, O., u. Moéhle, O., Biochem. Ztschr., 1936, 284, 1. 
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and turtle heart muscle as shown in a previous paper.” No dis- 
tinct volume changes were observed during the recovery. 

Pieces of the body wall, containing the longitudinal muscle fibers, 
showed spontaneous volume changes of about 0,000 02 of the total 
muscle volume, although the motor activity of the muscle was so 
weak that it could not be recorded with the isometric levers at my 
disposal. 

Since the retractor muscle develops a smaller tension than a 
striated muscle, but has a volume change about as large as that of a 
striated muscle, a markedly higher volume change occurs in the re- 
tractor than in frog muscle per unit of tension developed. For the 
body wall muscles of Phascolosoma the volume change per gm. ten- 
sion must be at least 100 times greater than for a frog sartorius. 
Meyerhof* assumes that the volume change is caused by the chemical 
processes involved in the energy output for contraction, and that the 
size of the volume changes is more or less parallel to the working 
metabolism. Since it is generally assumed that less energy is needed 
for the activity of smooth muscle than for the contraction of striated 
muscle, it is hard to explain why the volume change in smooth 
muscle is so much larger. Furthermore, the fact that the direc- 
tion of the volume changes is not constant and can be influenced 
to a certain extent by the physical conditions (initial length or ten- 
sion) indicates that other factors are much more important as the 
cause of the volume changes than the working metabolism of the 
muscles. 
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Permeability to Water and Staining Rate of Developing and 
Resting Sea Urchin Eggs.* 


D. M. WHITAKER. 


From the Hopkins Marine Station, Stanford University. 


It was shown some years ago by R. S. Lillie* that fertilized Ar- 
bacia (sea urchin) eggs are more permeable (about four times) 
to water than unfertilized eggs, since they swell and shrink more 


2 Fischer, H., Am. J. Physiol., 1935, 118, 42. 

* This work has been supported in part by funds granted by the Rockefeller 
Foundation. The author is indebted to Mr. Edward Lowrance for assistance in 
carrying out the experiments. 

1 Lillie, R. S., Am. J. Physiol., 1916, 40, 249. 
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rapidly in hypotonic and hypertonic sea water. The change in per- 
meability to water at fertilization thus more or less parallels the 
change in rate of oxygen consumption. It had also been shown 
earlier by Lyon and Shackell’ that at fertilization the egg of Lyte- 
chinus (sea urchin) increases its permeability to certain dyes but 
not to others. The immature eggs were found to be even more per- 
meable to certain dyes than the fertilized egg, showing that matura- 
tion is associated with a decrease in permeability and that low per- 
meability to dye thus correlates with the absence of cell division in 
the unfertilized egg. 

Since the unfertilized egg is in a state of developmental inhibi- 
tion, from which it is released at fertilization, it is of some interest 
to examine further the properties of the developing immature egg, 
before it enters the state of inhibition, for comparison with the de- 
veloping fertilized egg. 

A number of experiments on the eggs of the sea urchin Strongylo- 
centrotus franciscanus show that immature eggs, like fertilized eggs, 
stain deeply much more rapidly in sea water containing Methylene 
Blue, Gentian Violet, or Methyl Violet than do unfertilized resting 
eggs. This is true in dilutions of the dyes in which the first cell 
division takes place as well as in stronger concentrations which are 
more quickly toxic. The phenomenon may be demonstrated more 
accurately if the jelly is removed since this may stain heavily. In 
this species as in Lytechinus the immature eggs appear to stain 
somewhat more rapidly than the fertilized eggs. These results 
show almost beyond doubt that the permeability to these dyes is 
much less in the resting unfertilized stage, although it must be 
granted that the effect of the biochemical state of the cell on entered 
dye may also be involved. The three types of eggs of the sand 
dollar Dendraster excentricus show essentially the same relations to 
the three dyes. 

The permeability to water of the three types of eggs of S. fran- 
ciscanus was investigated in some 16 series of measurements. In 
each series, an egg of each type which was very nearly circular as 
seen from above was selected from the same female, and the three 
types were selected with the same initial diameter in sea water. 
This was done by selecting unfertilized and fertilized eggs which 
were slightly smaller than average. By means of a micro-lip- 
pipette it was possible to transfer an egg with a very small amount 
of sea water into dilute (50%) sea water and suck new medium 
about it in about 10 seconds. The diameter was periodically meas- 


2 Lyon, E. P., and Shackell, L. F., Science, 1910, $2, 249. 
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ured as swelling progressed. The cells were presumably very 

nearly spherical, but since no side view observations were made to 
check against flattening, the results are given in terms of diameters | 
as seen from above without attempting to convert to volumes. Sev- : 
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Rate of swelling of immature, unfentilized, and fertilized eggs of S. francis- 
canus in dilute (50%) sea water (A. B. 0.). Also shrinking after return to 
normal sea water (D). 
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eral typical results are shown in Fig. 1. All results indicate that 
immature eggs, like fertilized eggs, swell more rapidly than the un- 
fertilized eggs. Under the conditions of the experiments in 50% 
sea water the immature eggs usually swelled slightly more rapidly 
than the fertilized eggs, and the equilibrium diameter was usually 
somewhat greater. 

In 7 series the eggs were returned to normal sea water after 
swelling for 6 minutes in dilute sea water. A typical result is 
shown in Fig. 1D. These 7 experiments indicate that in exosmosis as 
in endosmosis the permeability to water of the immature egg as 
well as of the fertilized egg is considerably greater than the permea- 
bility of the resting unfertilized egg. 

The immature eggs used throughout this work were almost as 
large as the average mature egg, but they were entirely immature 
since the large germinal vesicle was present well within the cell. If 
the germinal vesicle is too close to the surface (in eggs on the verge 
of maturation) it is apt to burst under osmotic stress after which the 
egg is often fertilizable. Such border line types of eggs were 
avoided. Complete maturation normally precedes the resting stage 
in the sea urchin egg. 

Eggs were used from 9 different females of S. franciscanus in 
April and May, 1936. At the start of swelling, the various imma- 
ture eggs had been in sea water 20 minutes to 2 hours, the unfer- 
tilized eggs 20 minutes to 2.5 hours, and the fertilized eggs 35 
minutes to 3 hours. In all cases the fertilized eggs were placed in 
dilute sea water at approximately the same developmental stage, 
namely, when the hyaloplasmic layer was first definitely secreted. 
Depending on temperature, this was of the order of 10 minutes 
after fertilization. Temperature ranged from 17°C. to 22°C. over 
all, but did not vary more than 2°C. within a series. 

It has been shown by Goldforb® that the permeability of unfer- 
tilized Arbacia eggs increases as they age, and by Lillie* that the 
permeability of the fertilized eggs varies initially with time after 
fertilization.” The present results do not cover these variables and 
therefore no attempt is made to show the exact ratios of the per- 
meabilities of the three types of eggs. It is rather the orders of 
magnitude which are indicated, with relative similarity between 
immature and fertilized eggs under the conditions of the experi- 
ments. 

3 Goldforb, A. J., J. Gen. Physiol., 1935, 19, 149. 

4 Lillie, R. S., Am. J. Physiol., 1918, 45, 406. 

5 See also Dorfman, W. A., Protoplasma, 1932, 16, 56. 
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Summary and Conclusions. Immature eggs of the sea urchin 
S. franciscanus, like fertilized eggs, stain more rapidly in solutions 
of Methylene Blue, Gentian Violet, and Methyl Violet than do rest- 
ing unfertilized eggs. Like the fertilized eggs they are also more 
permeable to water. The immature and fertilized eggs are devel- 
oping while the unfertilized egg is in a state of developmental inhi- 
bition. Increase in water permeability, as well as staining rate, at 
fertilization (when the egg is released from inhibition) is thus the 
converse (in direction) of the change when the immature egg enters 
the resting stage. 
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Concentration of Gonadotropic Substance from Pregnancy 
Urine.* 


H. L. FEvoitp anp F. L. Hisaw. 


From the Biological Laboratories, Harvard University. 


Katzman and Doisy*? reported that the gonadotropic substance 
found in the urine of pregnant women (P.U.) can be concentrated 
conveniently by adsorption on benzoic acid or by precipitation with 
phosphotungstic acid. Hellbaum et al.* have shown that the same 
substance is precipitated quantitatively from the urine by tannic acid. 
However, the purification of the tannic acid precipitate is rather 
difficult. 

We have found that cresol extracts P.U. efficiently and its use 
offers definite advantages over the methods mentioned in simplicity, 
ease of manipulation and recovery of reagents. It removes the 
active material from the urine as completely as does tannic or 
benzoic acid and the product is a powder which is a convenient 
starting material for further purification. 

The urine used in these experiments was from a stock supply 
which had been collected and kept in the coldroom for several days. 
The cresol was the U.S.P. grade of J. T. Baker Co. 


* Aided by a grant from the National Research Council, Committee on Prob- 
lems of Sex. 

1 Katzman, P. A., and Doisy, E. A., J. Biol. Chem., 1932, 98, 739. 

2 Katzman, P. A., and Doisy, E. A., Proc. Soc. Exp. Bion. anD Mexp., 1933, 
30, 1188. 

3 Hellbaum, A. A., Fevold, H. L., and Hisaw, F. L., Proc. Soc. Exp, Bro. 
AND MEpD., 1935, 32, 1566. 
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The routine extraction of pregnancy urine is carried out as fol- 
lows: The urine, in a separatory funnel, is shaken with 1/10 volume 
of cresol. After allowing to separate, the cresol is drawn off and 
the urine is extracted a second time with 1/10 volume cresol. The 
second portion of cresol is then used for the first extraction of a 
fresh batch of urine. The second urine sample is extracted a second 
time with a fresh batch of cresol which is also used for the first 
extraction of a third sample of urine, etc. The cresol, containing 
the active material is diluted with 2 volumes of acetone which pre- 
cipitates the active substance. The precipitate is collected by centri- 
fugation or by allowing it to settle to the bottom of the flask and 
the acetone-cresol solution decanted. The precipitate is washed 
with acetone and ether and stored as a dry powder. Twenty liters of 
urine, extracted in this manner yielded 12.6 gm. of dry powder 
which contained 1 rat unit per milligram. Another batch of urine 
(24 liters) yielded 19.4 gm. of powder which assayed 1 rat unit 
per 1.5 mg. 

A series of experiments were carried out on the same batch of 
urine to determine the efficiency of extraction, as compared with 
other methods. One liter of urine was extracted three times with 
100 cc. portions of cresol. The adsorbate was prepared as de- 
scribed and taken up in water for assay. Another liter of urine was 
treated once with 100 cc. cresol and prepared for assay as before. 
A third liter was precipitated with tannic acid and the crude tan- 
nate assayed. A fourth liter was extracted according to the benzoic 
acid method of Katzman and Doisy. The physiological activities 
of the 4 preparations were determined by injecting 22-day-old fe- 
male rats twice daily for 3 days and weighing the ovaries the morn- 
ing of the fifth day. The rat unit employed was the minimum 
amount which elicited a 50% increase in the weight of the ovaries. 


(Table I.) 


TABLE I. 
Assay of P.U. Preparations. 
Method R.U. per liter 
Cresol (3x) 600-750 
Cresol (1) 600-750 
Tannic Acid 600-750 
Benzoie Acid 500-600 


Preliminary recovery experiments demonstrated that cresol ex- 
tracts P.U. quite quantitatively from relatively dilute solutions. Two 
liters of urine were extracted 5 times with 1/10 volume of cresol. 
One liter of the urine was then boiled for 2 hours. The second 
liter was not boiled. One hundred milligrams of P.U. powder, 
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equivalent to 50 R.U. were added to meh Saved boiled urine and 
a similar amount to the extracted unboiled urine. Both samples 
were extracted twice with 1/10 volume of cresol in the usual man- 
ner. From the extracted boiled urine, 450 mg. of powder were 
obtained which contained 1 R.U. per 7 to 8 mg., indicating a recov- 
ery of 50 to 65 R.U. The extracted unboiled urine yielded a pow- 
der weighing 230 mg. which contained 1 R.U. per 5 to 6 mg., a re- 
covery of 40 to 50 R.U. Both of these results would indicate a 
quantitative recovery as they are well within the limits of error 
for the assay method. 

One hundred cubic cm. of pregnancy urine, containing 75 R.U. 
were diluted with 900 cc. of urine which had been extracted and 
boiled as described and the whole was extracted twice with 100 cc. 
cresol. The dried adsorbate weighed 330 mg. and contained 1 R.U. 
in 5 to 6 mg., representing a recovery of 55 to 66 R.U. 

Cresol extraction has also been used in attempts to concentrate 
the follicle stimulating hormone from the urine of castrated women 
and women past the menopause (F.S.U.) but without success. 
While cresol is apparently very efficient in extracting P.U. it does 
not take up F.S.U. This demonstrates a striking difference in the 
properties of the 2 substances, at least as they exist in the 2 types of 
urine. 
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Action of Crustacean Eye-Stalk Extract on Melanophores of 
Hypophysectomized Fishes, Amphibians, and Reptiles.* 


A. A. AprAMowiTz. (Introduced by F. L. Hisaw.) 


From the Biological Laboratories, Harvard University. 


The discovery of the crustacean eye-stalk hormone by Perkins* 
and by Koller? was soon followed by announcements of its effects 
upon the chromatophores of vertebrates. Koller and Meyer,’ 
Meyer,* Perkins and Kropp,® and Kropp and Perkins® reported 


* Aided in part by a grant from the National Research Council Committee on 
Problems of Sex, administered by F. L. Hisaw. 
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contraction of fish melanophores following injections of eye-stalk 
extracts, and Kropp® and Kropp and Perkins® found melanophore 
expansion in tadpoles following similar injections. These divergent 
results led the writer to reinvestigate the physiological properties of 
eye-stalk extract with more rigidly-controlled, experimental animals. 
Extracts were made from the eye-stalks of Palaemonetes vulgaris 
and injected in various dosages into specimens of fishes, amphibians, 
and reptiles. The extracts were prepared by macerating eye-stalks 
in water. The supernatant liquid was boiled, filtered and dried. 
The dried material was extracted with hot 95% alcohol, the soluble 
fraction dried, washed with ether, and the ether insoluble material 
re-extracted with absolute ethanol. The soluble portion was taken 
up in water and injected. 

1. Amphibian (Rana pipiens). Completely hypophysectomized 
adult frogs, hypophysectomized tadpoles, normal white-adapted 
frogs and tadpoles, and normal black-adapted frogs and tadpoles 
constituted the experimental animals. Injection of eye-stalk ex- 
tracts produced melanophore expansion in the normal white- 
adapted frogs and tadpoles, and in the hypophysectomized frogs and 
tadpoles, but had no effect on the melanophores of the black-adapted 
frogs and tadpoles. 

2. Fish (Ameiurus nebulosus). Injection of eye-stalk extracts 
evoked melanophore expansion in white-adapted hypophysectomized 
catfishes, and in normal white-adapted catfishes; furthered the ex- 
pansion of the melanophores of black-adapted hypophysectomized 
catfishes, and was without effect in normal black-adapted animals. 

3. Reptile (Anolis carolinensis). Injected extracts evoked a 
darkening of normal white-adapted and hypophysectomized Anolis, 
but produced no change in the coloration of black-adapted specimens. 

4. Erythrophores of the Dace (Chrosomus erythrogaster). In- 
jection of eye-stalk extracts was followed by melanophore and 
erythrophore expansion in the dace. 

The eye-stalk extract, it seems, expands the melanophores not 
only of an amphibian, as has been reported, but also expands those 
of a fish and a reptile, and has a similar effect upon the erythro- 
phores of the dace. The writer has shown in a previous publication’ 
that the effect of the ablation of the eye-stalks of Portunid crabs of 
Bermuda upon the black pigment of the carapace was similar to the 
reported effects of hypophysectomy upon the melanophores of some 
reptiles, lower fishes, and amphibians. The experiments reported 
here seem to add further support to the opinion already expressed, 


7 Abramowitz, A. A., Proc. Nat. Acad. Sci., 1935, 21, 678. 
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namely, that the physiological effects of the crustacean pigmentary 
hormone and those of the chromatophorotropic hormone of the 
intermediate lobe of the pituitary of vertebrates are identical with 
respect to the activity of the black pigment cells. This opinion, 
however, does not imply that the hormones, which at the present 
time fhave been obtained only in extract form, are ‘chemically 
identical. Nevertheless, a comparison of the chemical properties 
of the eye-stalk hormone (or hormones) described in the papers of 
Kropp and his associates (including some additional data on the 
solubility of the active material in various organic solvents made 
by the writer) with those listed by Zondek® for intermedin reveals 
several interesting similarities. 
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Absorption through the Nasal Mucosa of Tannic-Acid 
Treated Mice. 


GEOFFREY RAKE AND HERALD R. Cox. 


From the Laboratories of The Rockefeller Institute for Medical Research, 
New York, 


Reports have been given of the absorption of Prussian blue 
through the nasal mucosa of rabbits’ and mice.” * A study by 
Olitsky and Cox’ of the absorption of the pigment 1 to 3 hours after 
its instillation in mice previously treated intranasally with tannic- 
acid shows that absorption at this time is less evident than in un- 
treated mice. Subsequently Rake® demonstrated that absorption 
through the nasal mucosa, chiefly the olfactory, is very rapid and 
has reached its maximum in mice killed at 2 minutes; furthermore, 
that much of the absorption occurs by way of the olfactory sensory 
cells. It seemed advisable to study the absorption of Prussian 
blue from the nasal cavities of tannic-acid treated mice during these 
early periods. 

Nine Swiss mice each received eight preliminary intranasal in- 
stillations over 3 days. Each dose, consisting of 0.03 cc. of 0.8 
percent tannic-acid in 1% glycerine, was dropped on the outside of 


8 Zondek, B., J. Am. Med. Assn., 1935, 104, 637. 

1 Clark, W. E. le G., Great Britain Rep. Pub. Health and Med. Subj., Ministry 
of Health, 1929, No. 54. 

2 Olitsky, P. K., and Cox, H. R., Science, 1934, $0, 566. 

3 Rake, G., Proc. Soc. Exp. Bron. AnD Mep., 1936, 34, 369. 
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the nostrils from whence it was gradually breathed into the nose. 
Four hours after the last dose each mouse received 0.02 cc. of a mix- 
ture of equal- parts of 10% iron ammonium citrate and 10% po- 
tassium ferrocyanide intranasally by the same technique. Two 
minutes after commencement of intranasal inoculation 5 mice were 
sacrificed by decapitation and 13 minutes later the other 4 were so 
sacrificed. Fixation, sectioning, and staining with Mayer’s carmine 
were carried out as indicated elsewhere.*® A few sections were stained 
with hematoxylin and eosin to facilitate study of the inflammation. 

Following intranasal treatment with tannic-acid as given above, 
it is very rarely that any mouse shows exudate from the nostrils. 
Nevertheless, it was found in the present study that there is to be 
observed, microscopically, marked exudate into the nasal cavity, 
especially over the olfactory mucosa and around the turbinates. 
This exudate is composed of mucus, leucocytes—chiefly polymor- 
phonuclears—and some red cells. The olfactory mucosa and sub- 
mucosa show swelling and infiltration with oedema fluid and leuco- 
cytes. The capillaries of the submucosa are dilated and contain 
many polymorphonuclear leucocytes. Changes in the respiratory 
mucosa are slight. Six mice show intense inflammation. In 3 
the inflammation is less. Preliminary treatment with 1% tannic 
acid in normal saline, instead of 0.8% in 1% glycerine, is found to 
produce similar inflammatory changes. 

At first sight the absorption of Prussian blue in these mice sac- 
rificed 2 minutes after instillation does not appear to differ markedly 
from the absorption seen in untreated mice.* The granules have 
penetrated the mucosa, lie in the tissues and within lymphatics and 
capillaries, and are also found in the perineural spaces of the olfac- 
tory nerves, within the subarachnoid space and inside cells of the pia 
mater over the olfactory bulb. It is true that there is quantitatively 
less pigment in the perineural spaces or within the cranial cavity 
in these treated mice as compared to the normal, and that nerves so 
full of the granules as to appear as blue bands are very unusual, but 
the difference is one only of degree. However, when attention is 
turned to the method by which the pigment is passing through the 
olfactory mucosa a qualitative difference is found. 

In 3 of the 5 mice examined at 2 minutes, careful search reveals 
Prussian blue inside at most 2 or 3 olfactory sensory cells. In the 
other two mice one can find a few areas in which as many as 8 or 
10 olfactory sensory cells may contain pigment. The greater part 
of the absorption in all of these treated mice does not involve the 
olfactory sensory cells, as it does in the untreated group. It occurs 
between the cells of both olfactory and respiratory mucosa. 
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In the 4 mice examined 15 minutes after instillation of pigment 
the picture again differs only slightly from that seen in the un- 
treated group. Only in the olfactory mucosa itself is there a dif- 
ference and here again it is found that three of the 4 mice show 
no granules in the olfactory cells and one mouse shows consider- 
ably less than do the normal mice. 

A correlation appears between the degree of inflammation of the 
mucosa and the passage of the Prussian blue into the olfactory cells. 
In those 6 mice in which pigment is seen in none or very few of 
these cells, the inflammation is intense and the exudate heavy. In the 
other 3 mice the inflammation is comparatively less and there is 
some, albeit slight, passage of granules into the olfactory cells. It 
appears that both departures from normal resulting from the tannic- 
acid treatment run parallel in the mouse. We have not investigated 
whether the inflammation is causally related to the decreased passage 
of pigment into the olfactory sensory cells. 
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Effect of Progestin upon the Mammary Glands of the Mouse.* 


W. U. GARDNER AND R. T. Hixxy. (Introduced by Edgar Allen.) 
From the Department of Anatomy, Yale University School of Medicine. 


The growth of the mammary glands of males bearing ovarian 
grafts or receiving extracts of estrogenic hormones has been ob- 
served by many investigators. Several pure estrogenic chemicals, 
theelin, theelol,* dihydroestrin and equilin,” * induced the growth 
of the mammary glands of male mice and of males of other species. 
The male hormone, testosterone, also induced a limited mammary 
gland proliferation in rats.* 

Progestin had no effect upon the mammary glands of rabbits 
when injected as a rather crude extract,” ° but when progestin and 

* This investigation has been supported in part by the Fluid Research Funds 
of Yale University School of Medicine and the Committee for Research in Prob- 
lems of Sex of the National Research Council through grants administered by 
Professor Edgar Allen. 
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theelin were administered simultaneously a complete development of 
the mammary glands occurred.’ The mammary ducts developed in 
rabbits receiving estrin, while simultaneous injections of progestin 
and estrin induced the development of the lobules of alveolar tissue 
as observed during pregnancy or pseudo-pregnancy. In some strains 
of mice scattered lobules of alveoli developed in males receiving 
large amounts of estrogenic hormone® while a complete development 
of the lobules occurred in injected males from other strains.° 

The mice used in this investigation were supplied by Dr. L. C. 
Strong. Two highly purified extracts of progestin obtained from 
corpora luteay t and one crystalline preparation of progesterone 
(Proluton)§ were used. All of the preparations were dissolved in 
oil and were injected subcutaneously. 

Seven castrated male mice were given from 0.35 to 1.6 units of 
progestin} over periods of from 14 to 16 days. Two of these mice 
were given in addition 5 rat units of theelin daily. The mammary 
rudiments of all of these mice had developed into extensive systems 
of branching ducts, similar to those of mice receiving theelin for 
approximately 30 days. One castrated male receiving 5 r.u. of 
theelin daily showed but a slight growth of the mammary glands. 
One of two non-castrate male mice receiving 0.1 unit of progestin 
daily for 14 days showed extensive development of the mammary 
ducts. 

Three virgin female mice were given 0.15 unitt of progestin 
weekly in 3 injections. After periods of treatment ranging from 
22 to 70 days the mammary glands consisted of branching ducts as 
in normal virgin females. Two normal male mice receiving simi- 
lar treatment for periods of 22 and 39 days, and a total of 0.5 and 
0.8 units showed a definite growth of the mammary rudiments. Six 
male mice were given 7.5 r.u. of theelin weekly for 3 weeks, and 

5 Corner, G. W., Am. J. Physiol., 1930, 95, 43. 

6 Turner, CO. W., and Frank, A. H., Science, 1931, 78, 295. 

7 Turner, OC. W., and Frank, A. H., Mo. Agr. Hap. Sta. Res, Bull., 1932, 174. 

8 Gardner, W. U., Smith, G. M., and Strong, L. C., Proc. Soc. Exp. Bron. anD 
Mep., 1935, 38, 148. 

9 Unpublished observations of the authors. 

+ Progestin, containing 1 Corner-Allen unit per cc., was supplied by Upjohn 
Co. through the courtesy of Dr. G. F. Cartland. 

+ The progestin and theelin in aqueous solution were supplied through the 
courtesy of Dr. O. Kamm of Parke-Davis Co. The progestin contained 1 rabbit 
unit (Clauberg) per ce. 

§ The Proluton (‘‘pure crystalline corpus luteum hormone’’) (Progesterone) 
was supplied by the Schering Corp. through the courtesy of Dr. Gregory Strag- 
nell. The solution used contained 1 i.u. per ce. (1 mg.). 
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then supplemented by 0.15 unit of progestin weekly in 3 injections 
for periods up to 110 days. Total doses of from 1.75 to 2.4 units 
of progestin were given. The mammary rudiments of all the mice 
had developed into moderately extensive duct systems. 

Fourteen male mice were given Proluton§ in daily doses of 0.05 to 
0.1 iu. for periods of from 15 to 26 days. A definite growth of 
the mammary ducts was observed in 8 non-castrate and in 1 castrate 
animal, The rudimentary mammary glands of three mature mice 
receiving 0.05 iu. and of 2 receiving 0.1 iu. had failed to grow. 
Two non-castrate males and one castrated male were given 5 r.u. of 
theelin and 0.1 i.u. of Proluton daily. All of these animals showed 
definite growth of the mammary gland. 

Two of the above preparations were assayed for the presence of 
estrogenic hormone. Two-tenths of a unit failed to give vaginal 
cornification or mucification in castrated female mice. The mini- 
mum amount of estrogenic hormone in oil solution which will give 
mammary growth has not been determined, but 1 r.u. of theelin in 
aqueous solution daily, when given in sufficient dilution in two in- 
jections, is sufficient. It has also been indicated that old male mice 
require larger amounts of estrogenic hormone to induce the growth 
of the mammary glands than younger mice. This might account for 
the failure of response in 5 of the animals receiving Proluton. 
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Does Magnesium Sulphate Cause Catharsis by Being Absorbed 
and then Excreted into the Colon? 


Joun FERGUSON AND A. C. Ivy. 


From the Departments of Physiology and Pharmacology, Northwestern University 
Medical School, Chicago, and from the University of Alberta, Alberta, Canada. 


There are numerous reports in the literature dealing with the 
mode of action of the saline purgatives. Invariably, 2 main theories 
are advanced. The first, favored by Meltzer and Auer,* Auer,” ® 
Frankl,* Mendel and Benedict,’ and Cohen,® suggests that the action 


1 Meltzer, S. J., and Auer, J.. dm. J. Physiol., 1905, 14, 366. 
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is from the lumen of the intestine. The saline purgative when ad- 
ministered by mouth increases the fluidity and bulk of the feces by 
causing retention of liquid with some extraction of fluid from the 
blood; thus catharsis is produced. The salt which is absorbed is 
incidental and is excreted largely by the kidney, except in cases of 
nephritis in which the magnesium content of the blood may be in- 
creased to dangerous levels.” * The second theory, on the contrary, 
which is supported by the work of MacCallum,° Bancroft,° Hertz, 
Cook and Schlesinger,** and Robin and Sourdel*? intimates that the 
saline purgatives act only after being absorbed and not from the 
lumen of the intestine. This theory is well stated by MacCallum,? 
who investigated the problem on the suggestion of Loeb, that, “the 
presence of the salt in the lumen of the intestine is not necessary for 
its cathartic action—the salt must be absorbed into the blood before 
it can act on the intestine.” 

To determine whether magnesium sulphate was absorbed and 
excreted in quantity into the colon, we anesthetized several dogs 
(13 in all) using barbital, nembutal, or morphine and ether. The 
small intestine was isolated by tying it off at the stomach and the 
ileocecal valve; the large intestine was washed free from magnesium 
with warm isotonic sodium chloride solution—care being taken not 
to damage the intestinal mucosa. A solution of magnesium sulphate 
(10-15 gm. of the salt, according to the weight of the dog) at ap- 
proximately 37.6°C. was injected into the small intestine, the ab- 
domen closed and the temperature of the animal kept as nearly nor- 
mal as possible. At the conclusion of the experiment, which lasted 
from %4 to 9 hours, the colon was washed out with distilled water 
and the magnesium of the washings determined following the meth- 
od of McCrudden.** ** The amount of magnesium excreted into 
the colon was found to be insignificant—invariably, less than % of 
1% of the amount of magnesium injected into the intestine. 

An ileostomy was performed aseptically on each of 3 dogs and 
on the third day after the operation the isolated colon and rectum 
were washed out with warm isotonic sodium chloride solution. The 


7 Hirschfelder, A. D., J. Am. Med. Assn., 1934, 102, 1138. 
8 Hirschfelder, A. D., J. Biol. Chem., 1934, 104, 647. 
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10 Bancroft, F. W., J. Biol. Chem., 1907, 3, 191. 
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1908-9, 2, Part 3 (Therap. and Pharmacol. Sect.), 21. 
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magnesium in the washings was determined. Magnesium sulphate 
was then given by stomach tube and the colon washed out at the 
end of 24 hours; the dog having not evacuated within that period. 
The magnesium was determined from the washings. In all, 5 sets 
of determinations were made before and after the administration of 
magnesium sulphate but the salt did not appear to be excreted into 
the colon to any extent. 

Seven normal dogs were kept in separate stalls on a uniform diet. 
During the first period of 6 days the feces were discarded; during 
the second period of 6 days an attempt was made to obtain a normal 
pattern for a particular dog by collecting the feces as soon as possible 
after they had been excreted and noting the form, markings and 
other criteria of laxation. The water content was determined later. 
The feces of a particular dog appeared to be fairly uniform during 
this period. Then, magnesium sulphate was injected subcutaneously 
in some cases and intramuscularly or intravenously in others. In 
the event of a second injection several days were allowed to elapse 
between the injections. The injection of magnesium sulphate did 
not appear to influence significantly the water content, form, time, 
weight or other criteria of laxation as outlined by Cowgill and his 
coworkers.** *® In some instances at a later date the dogs were 
given by stomach tube the same quantity of magnesium sulphate 
which they had been given intramuscularly and within 24 hours the 
stools indicated a laxative effect of the salt. 

A dog was kept on a uniform diet for 17 days. During this 
period the dog was injected subcutaneously with 25% MgSO,.7 
H.O, 2 cc. per kg. bodyweight, and 2 days later was given a dose 
of magnesium sulphate by stomach tube. The comparative osmotic 
pressure which the dried material of each stool would exert was de- 
termined by the freezing point method. There was no significant 
change after the injection of the salt but after the administration by 
stomach tube there was evidence of increased osmotic pressure. 

Conclusion. (1) Magnesium sulphate in the dog does not cause 
laxation or catharsis by being absorbed into the blood and then 
excreted into the colon. (2) The parenteral administration of mag- 
nesium sulphate does not augment the excretion of magnesium by 
the colonic mucosa to an appreciable extent.* 

15 Cowgill, G. R., and Anderson, W. E., J. Am. Med. Assn., 1932, 98, 1866. 

16 Cowgill, G. R., Anderson, W. E., and Sullivan, A. J., J. Am. Med. Assn., 
1933, 101, 273. 
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Inhibition of Menstruation by Crystalline Progesterone. 


GEORGE W. CoRNER AND WILLARD M. ALLEN. 


From the Department of Anatomy, The University of Rochester, School of 
Medicine and Dentistry. 


It has been shown’ that partially purified extracts of the corpus 
luteum, containing progesterone, possess the property of inhibiting 
menstruation in the monkey. In view of the possibility that con- 
taminating substances were involved in this result, the experiments 
have been repeated on five animals with crystalline progesterone, 
both natural and synthetic. 

The hormones used consisted of 2 lots of 8-progesterone prepared 
in our laboratory from sows’ ovaries, 2 lots of synthetic 8-proges- 
terone donated by the Schering Corporation through the kindness 
of Dr. Erwin Schwenk, and a lot of synthetic a-progesterone do- 
nated by E. Merck, Darmstadt. The animals were chosen and the 
experiments conducted in the same way as those of Corner, 1935.* 
Each animal was allowed one or more control cycles and the time of 
the next menses having been estimated as closely as possible from 
the history, treatment with progesterone was begun about a week be- 
fore the expected onset. The dosage was uniformly 1 mg. daily, 
equivalent to 1 international unit. One animal received natural 
B-progesterone throughout. Two received the first of the Scher- 
ing preparations for 11 days, and then the second Schering 
preparation for 5 and 6 days respectively ; menstruation then being 
overdue, the experiments were continued with natural progesterone 
for a few days longer. Finally, 2 received the Merck a-progesterone 
throughout. In all 5 experiments, the expected menstruation was 
delayed for about 2 weeks, after which the hormone was discon- 
tinued according to plan. Bleeding began 2 to 4 days thereafter. 

The only feature in which the result with crystalline progesterone 
differed from that with the partially purified substance used in pre- 
vious experiments, was in the more rapid onset of bleeding after dis- 
continuance, namely 2 to 4 days instead of 5 to 8. This may have 
been due to more rapid utilization or excretion of the pure hormone. 

In conclusion, it may be stated that all 4 of the definitely estab- 
lished effects of corpus luteum extracts upon the uterus, namely 
progestational proliferation of the endometrium,” inhibition of ac- 


1 Corner, G. W., Am. J. Physiol., 1935, 118, 238. 
2 Wintersteiner, O., and Allen, W. M., J. Biol. Chem., 1934, 107, 321. 
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tion of pituitrin upon the myometrium,’ inhibition of uterine motility 
in vivo,* and suppression of menstruation,’ have now been achieved 
with crystalline progesterone. 
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Effect of Thyroid Feeding and Thyroidectomy on Thymus Size 
in the New-born Rat. 


D. Battey Carvin. (Introduced by M. M. Ellis.) 


From the Department of Biochemistry, University of Missouri School of Medicine, 
Columbia, Mo. : 


Certain clinical indications have led to the feeling that a possible 
interrelationship between thyroid size or condition in the mother 
and the size of the thymus in the offspring might be demonstrable. 
This has been investigated experimentally, using the albino rat as 
the experimental animal. 

A study of basal metabolic conditions in normal and thyroid- 
treated animals has been made. Although somewhat inconclusive, 
due to variability greater than 10%, the results indicate that one 
milligram of desiccated thyroid (Parke-Davis) given orally per 
day will maintain the thyroidectomized rat of about 150 gm. weight 
in fairly normal metabolic balance. 

With this determined, three experiments were set up, each group 
containing eight proven breeding females, whose normal litters 
had been used to establish normal thymus size. Group 1 received 
2 mg. of desiccated thyroid per day; Group 2, 5 mg.; the females in 
Group 3 were thyroidectomized. Weight curves were kept on all 
animals for 2 weeks prior to pregnancy. Vaginal smears were 
done to determine the stages of estrus and the time of breeding to 
within 4 hours. All animals were fed on a diet containing % dried 
whole milk and % ground whole wheat, plus 1% sodium chloride 
and 1% calcium lactate. Lettuce and liver were given 3 times a 
week. 

The results were as follows: Prior to pregnancy, the animals in 
Group 1 made a steady gain in weight; Group 2 gained, but some- 
what more slowly; Group 3 showed some gain in weight. Repeated 
estrous cycles were seemingly normal for the thyroid-fed normal 
"8 Makepeace, A. W., Corner, G. W., and Allen, W. M., Am. J. Physiol., 1936, 
115, 376. 
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animals. This did not hold true, however, for the thyroidectomized 
females, where fairly normal cycles were obtained for 4 to 8 days 
after the operation, but after this, with 2 exceptions where breed- 
ing occurred, the animals went into diestrus and have remained in 
this stage for over 4 weeks. 

The results on thymic size in the offspring are given in Table I. 


TABLE I, 
Aver. thymus wt. 
per 5 gm. of Aver. wt. 
Aver. thymus wt., new-bornrat, new-born rat, 
mg. mg. gm. 
Normal. Aver. 7.4 6.5 5.7 
Max. 7.8 
Min. 7.0 
2 mg. thyroid per day Aver. 5.7 5.3 5.4 
Max. 6.0 
Min. 4.9 
5 mg. thyroid. per day Aver, 4.4 4.1 5.35 
Max. 5.0 
Min. 3.4 
Thyroidectomy Aver. 8.1 7.2 OO 
(only 2 litters) Max. 8.3 
Min. 7.9 


These results seem to indicate that excess of thyroid during 
gestation results in smaller thymus gland growth in the fetus, while 
low thyroid results in larger thymus glands. 

Further experiments indicate that thyroid-fed mothers, although 
having given normal litters to weaning before thyroid feeding was 
instituted, are unable to nurse their offspring while receiving the 
thyroid. In the 2 cases observed, the thyroidectomized mothers 
seemed to have considerable difficulty at parturition. 

An effort is being made to determine whether these results may be 
of significance in the clinical syndrome known as status thymico- 
lymphaticus. 
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Comparison of Precipitating Action of Basic Dyes on Bacterio- 
phage and Bacterial Proteolytic Enzymes. 


ARTHUR W. WALKER. 


From the Department of Bacteriology, Northwestern University Medical School, 
Chicago, Illinois. 


Safranin is able to remove a number of biological substances 
from solution. Robertson’ observed that safranin when added to a 
solution of trypsin would cause a precipitate. Holzberd? showed 
that this precipitate was proteolytic and later Marston*® proved that 
not only safranin but all the azin dyes removed trypsin and pepsin 
from solution. The azin dyes also quantitatively precipitate bac- 
terial proteolytic enzymes.* Vinson’ reported that the virus of the 
mosaic disease of tobacco was completely removed from the in- 
fected plant juice by safranin. Krueger and Baldwin,® in their 
studies on the inactivation of bacteriophage, used safranin as one of 
the inactivating agents, and observed a precipitate which partly but 
not completely removed the phage from solution. 

We examined the action of the azin and other basic dyes on bac- 
teriophage and compared the results with those obtained by the use 
of the same dyes with bacterial proteolytic enzymes. 

The following chemical types of basic dyes were used: azin, 
thiazin, oxazin, xanthane and phenylmethane. The bacteriophage 
employed was a coli-phage made in synthetic medium and free from 
all protein except bacterial. The titer of the phage was 1x10°. 
One cc. of the phage and 7 cc. of physiologic salt-solution were 
placed in a 15 cc. tube and 2 cc. of M/70 solution of the dye in water 
added. The mixture was allowed to stand for 18 hours at room 
temperature, and then centrifuged. The supernatant fluid was 
poured off and filtered through a Berkefeld N filter. This was 
found to be necessary as the unfiltered supernatant fluid of both 
the phage and the enzyme showed the presence of small amounts of 
lytic and proteolytic substance. The precipitate was taken up in 
10 cc. of a pH 6.8 phosphate buffer solution. 

Both the precipitate and filtrate were diluted in plain broth and 

1 Robertson, T. B., J. Biol. Chem., 1907, 2, 343. 

2 Holzberd, H. L., J. Biol. Chem., 1913, 14, 335. 

3 Marston, H. R., Biochem. J., 1923, 17, 651. 

4 Walker, A. W., Pkoc. Soc. Exp, Bion. AnD Mzp., 1927, 24, 839. 

5 Vinson, C. G., Science, 1927, 44, 357. 

6 Krueger, A. P., and Baldwin, D. M., J. Infect. Dis., 1935, 57, 207. 
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tested for phage in the usual manner. For the bacterial proteolytic 
enzymes, a Berkefeld filtrate of a 4-day culture of B. pyocyaneus in 
synthetic medium was used in the same manner as the bacteriophage. 
The test for the presence of the proteolytic enzyme was by inoculat- 
ing the filtrate and suspended precipitate into carbol-gelatin, incu- 
bating at 37°C. for 48 hours, placing in the icebox for 1 hour, and 
then observing for liquefaction. 

Table I shows that the bacteriophage and the proteolytic enzyme 
are completely precipitated by these azin and thiazin dyes, and that 
the other basic dyes used do not completely remove the phage or 
the enzyme from solution. With the exception of pyronin the dyes 
had little if any inhibiting action on either the phage or the enzyme. 
In the case of the pyronin the inhibiting action was considerable for 
both. 

This inhibitory action has not been investigated. It may be due 
to the photodynamic action of the pyronin. But some of the other 
dyes are photodynamically active and showed no such effects; fur- 
ther, coli-phage, unlike the staphylococcal phage, is not sensitive 
to oxidation, 

The nature of the union of phage with the dye is unknown. If it 
is an adsorptive phenomenon one could expect that all the dyes of 
the same charge and relative molecular size would act in the same 
manner. 

Marston believes the union of trypsin and pepsin with the azin 
dyes to be a chemical reaction. 

The chemical union of bacteriophage and dye, if proven, would be 
another indication of the chemical or nonliving nature of the bac- 
teriophage. 
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Preganglionic Connections of the Intramural Ganglia of the 
Urinary Bladder. 


Russet L. Moserey. (Introduced by Albert Kuntz. ) 
From the St. Louis University School of Medicine. 


The pelvic autonomic ganglia including the intramural ganglia 
of the urinary bladder, are connected with the lower thoracic and 
upper lumbar segments of the spinal cord through the splanchnic 
and hypogastric nerves and with the sacral segments through the 
pelvic nerves. The efferent fibers which enter the pelvic plexus on 
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either side via the hypogastric nerve are mainly postganglionic 
sympathetic fibers, but include some preganglionic fibers of the 
thoraco-lumbar outflow. According to Langley and Anderson (1894, 
1896)* and Stewart (1899)? some preganglionic fibers which enter 
the inferior mesenteric plexus do not terminate in this plexus but 
extend distalward in the hypogastric nerves. In spite of these re- 
ported observations, the pelvic autonomic ganglia quite generally 
have been regarded as related mainly to the parasympathetic division 
of the autonomic nervous system. 

In an experimental anatomical study of the preganglionic connec- 
tions of the ganglia in the pelvic plexus in the cat, Kuntz and Mose- 
ley (1936)*° have demonstrated that some of these ganglia receive 
preganglionic fibers exclusively through the thoraco-lumbar outflow, 
some exclusively through the sacral outflow, and some through both 
the thoraco-lumbar and sacral outflows. 

In the present study, cats have been used as the experimental ani- 
mals, and the following operative procedures have been carried out 
under aseptic conditions. In one series, the pelvic nerve was sec- 
tioned bilaterally near its origin from the sacral nerves in order to 
insure degeneration of all preganglionic and visceral afferent sacral 
nerve components which enter the urinary bladder. In another 
series, the inferior mesenteric ganglia and both sympathetic trunks 
from the second lumbar segment caudalward were extirpated in or- 
der to insure degeneration of all preganglionic components of the 
thoraco-lumbar outflow which might reach the urinary bladder. 
When the animals were killed 18 to 24 days after operation, the 
urinary bladder was prepared for study by the pyridine silver 
method. 

Preparations of the bladder taken from animals which have been 
subjected to section of the pelvic nerves show fiber degeneration in 
some of the intramural ganglia but not in others. In some ganglia, 
all the fibers except those of local origin have undergone degenera- 
tion; the intercellular plexuses formed by the preganglionic fibers 
which terminate in relation to the ganglion cells are absent. In some, 
the intercellular plexuses are absent in certain areas but present in 
others. In some, no evidence of fiber degeneration can be de- 
tected. 

Preparations of the bladder taken from animals which had been 


1 Langley, J. N., and Anderson, H. K., J. Physiol., 1894, 17, 177; tbid., 1899, 
20, 372. 

2 Stewart, C. C., Am. J. Physiol., 1899, 2, 182. 

3 Kuntz, A., and Moseley, R. L., J. Comp. Neur., 1936, 64, No. 1. 
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subjected to extirpation of the inferior mesenteric ganglia and both 
sympathetic trunks from the second lumbar segment caudalward 
also show fiber degeneration in some of the ganglia but not in 
others. In some ganglia, all the fibers except those of local origin 
have undergone degeneration. In some, the intercellular plexuses 
have undergone degeneration in some areas but not in others. In 
still others, no evidence of nerve fiber degeneration can be detected. 

The ganglia in which intercellular plexuses undergo degeneration 
following extirpation of the inferior mesenteric ganglia and the 
sympathetic trunks from the second lumbar segment caudalward 


obviously receive preganglionic fibers via the thoraco-lumbar outflow. . 


Those in which intercellular plexuses undergo degeneration follow- 
ing section of the pelvic nerves obviously receive preganglionic fibers 
via the sacral outflow. Those which show degeneration of the 
intercellular plexuses in only a portion of the ganglion, after either 
type of operation, receive preganglionic fibers from both the thoraco- 
lumbar and sacral outflows. The findings set forth above, there- 
fore, warrant the conclusion that some of the intramural ganglia 
of the urinary bladder receive preganglionic fibers exclusively via 
the thoraco-lumbar outflow ; some exclusively via the sacral outflow, 
and some via both; consequently, they include sympathetic, para- 
sympathetic and mixed ganglia. 

Quantitative determinations of the sizes and distribution of the 
ganglia of these three types have shown that approximately 40% 
are parasympathetic, 40% sympathetic and 20% mixed. The para- 
sympathetic ganglia on the average are larger than the sympathetic 
ganglia and are situated more superficially in the bladder wall, being 
located mainly in the adventitia and the outer zone of the muscula- 
ture. The ganglia located more deeply in the musculature are pre- 
dominantly sympathetic. Although the ganglia are most abundant 
in the trigone, particularly in proximity to the ureters, those within 
this area make up only 50% of the intramural ganglia and include 
parasympathetic and sympathetic ganglia in approximately equal 
numbers. These findings do not substantiate the conclusions of 
Iljina and Lawrentjew (1932)* and Polykarpowa (1935)° that the 
intramural ganglia of the urinary bladder are exclusively para- 
sympathetic. 

4Tijina, W. S., and Lawrentjew, B. J., Ztschr. f. mikr. Anat. Forsch., 1932, 
30, 543. 

5 Polykarpowa, A., Ztschr. f. Anat. u. Entwg., 1935, 104, 378. 
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Micro-Determination of Fluorine. 


Wattace D. ArMstrone. (Introduced by F. H. Scott.) 


From the Laboratory of Physiological Chemistry, University of Minnesota, 
Minneapolis, Minnesota. 


The author’s* modification of the Willard-Winter* method has 
been adapted to the determination of small quantities of fluorine. 
The distillation of H,SiF. is carried out in the usual manner except 
that a 50 cc. distilling flask, 0.1 gm. quartz and 5 cc. 60% per- 
chloric acid are employed. The temperature of the flask contents 
is maintained at 140°, and 150 cc. of distillate are collected. The 
water employed is freshly boiled after redistillation from alkali. 
The distillate is made alkaline to phenolphthalein, evaporated to a 
small volume, rendered just acid to the indicator, and diluted to 
10 cc. One cc. aliquots are transferred to 5 cc. vials (such as those 
in which dentists receive gold foil). The addition of an equal vol- 
ume of alcohol is omitted in order to permit a direct relationship 
between the fluorine content of the aliquots and the volume of 
Th(NOg,)« solution used for their titration and to render inoper- 
ative the effect of HClO, on the determination of more than 5y 
(micrograms) F. If the sample contains less than 5y F, 6 gm. 
NaClO, are added to the charge in the distilling flask, the distillate 
evaporated to about 5 cc. and the aliquots taken by weight. NaClO, 
reduced the amount of HCIO, volatilized during the distillation of 
H,SiF,. One drop of 0.05% sodium alizarin sulphonate is added 
to the aliquots and, after split drops of appx. 0.03 N HCl are added 
until the indicator has a light orange color, one drop of buffer soln. 
(1 molar monochloracetic acid and 1 molar sodium monochlorace- 
tate) is introduced. The fluorine is titrated with appx. 0.0004 N 
Th(NOs)4 (1 cc. = 7-8y F) to the appearance of a barely percepti- 
ble pink color which matches that of a titrated standard solution 
containing 5y F. The Th(NO;), solution is standardized daily by 
titration of 1 cc. volumes of solutions containing 10, 5 and ly F. 
The results are substituted in the two-point equation for a straight 
line and the titration blank calculated. 

Five analyses each of 25 and 10y quantities of F gave an average 
recovery which was 1.4% low. Seven distillation blank determina- 
tions in which 25 and 10y of fluorine were added to the receiver 


1 Armstrong, W. D., J. Am. Chem. Soc., 1933, 55, 1741. 
2 Willard, H. H., and Winter, O. B., Ind. Eng. Chem., Anal. Ed., 1933, 5, 7. 


Woo GONADOTROPIC HORMONES AND MAMMARY GLANDS 


contents gave an average recovery 2.5% low. The quantity of 
fluorine in each aliquot titrated was one-tenth the total in distillate. 
Four analyses each of 5 and 2y quantities gave results 1.5% low 
while corresponding distillation blank determinations averaged 
0.5% low. 

Four analyses of a quantity of mixed sound human enamel gave 
the results 0.0163, 0.0154, 0.0164, 0.0160% F. Three determina- 
tions were made in which 10 micrograms F were distilled from the 
residue in sample. The average recovery was 10.ly F. Three analyses 
in which the distillate was redistilled and one in which it was twice 
redistilled showed 0.0158% F in the enamel. These latter results 
indicate that phosphate or any other substance in enamel is not vola- 
tilized in a sufficient quantity to affect the results. 

The average recovery of 5y F added to enamel was 4.8y. Two 
determinations using NaClO, showed the enamel to contain 0.0160% 
F. A sample of C.P. “Cas(PO,).” contained 0.622% F and one 
of C.P. Ca(H,PO,). contained 0.013% F. The method has been 
successfully applied to the determination of F in dentin and will be 
extended to other biological material. 
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Comparative Studies of Gonadotropic Hormones.* 5. Growth 
Response of Rat Mammary Glands in Chronic Experiments. 


Netson J. Howarp. (Introduced by C. F. Fluhmann. ) 


From the Departments of Surgery and Obstetrics and Gynecology, Stanford 
University School of Medicine. 


A description of the changes induced in the ovaries and hypophy- 
sis of female rats following the prolonged administration of gonado- 
tropic extracts prepared from sheep anterior pituitary glands and 
blood of pregnant women was given in the fourth report of this 
series (Fluhmann'). The present communication deals with the 
gross and microscopic effects observed in the mammary glands of 
these rats. 

Sheep Anterior Pituitary Extracts. Six rats received daily in- 
jections for 63 days. Breast biopsies showed proliferation of ducts 

*Supported in part by the Rockefeller Fluid Research Fund of Stanford Uni- 


versity School of Medicine. 
1 Fluhmann, ©. F., Proc. Soc. Exp. Bron. AND Mexp., 1936, 84, 691. 
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with occasional branching tubules, but without colloid secretion or 
formation of alveolar structures. There was marked periductile 
fibrosis present in all animals. The injections were continued for 94 
days, and 3 rats autopsied at that time were found to have the peri- 
ductile fibrosis more marked than the previous series, while in 2 
animals, fibroadenomatous proliferation of unencapsulated duct- 
containing fibrous tissue was present. In 5 rats injected for 149 
days similar but more marked changes had taken place. After 179 
days of injection, 5 rats showed only extension of periductile fibro- 
sis and in 4 out of the 5 animals, fibroadenomatous areas were pres- 
ent as well. No cystic changes or alveolar development were noted 
in any of the above animals. This is in agreement with unpublished 
experiments carried out the previous year with acid sheep anterior 
pituitary extract. In previous experiments, 4 of 10 rats injected 
for 119 days showed, in addition to the periductile fibrosis and 
fibroadenomatous areas, large areas of microscopic and macro- 
scopic cystic changes with colostrum-like secretion very similar to 
the cystic mastitis of women. Periductile fibrosis and fibroadeno- 
matous areas were also found in rats given a rat anterior pitui- 
tary preparation daily for 105 and 165 days, and a human anterior 
pituitary extract prepared in the same manner injected for 119 days. 
The nipples of the rats injected with the pituitary extracts remained 
grey-white and non-erectile on stimulation, and showed no gross 
growth or elongation. No alveolar or lobule development was ob- 
served in any animals injected with acid anterior pituitary extracts. 
Normal virgin immature and mature female albino rats’ breasts 
microscopically show only a fatty stroma about ducts and infrequent 
tubules, with only small amounts of fibrous tissues in the walls of 
the ducts. Consequently, periductile fibrosis and, now, non-encap- 
sulated fibroadenomatous changes are distinct departures from the 
normal. 

Pregnancy Blood Extract. The pregnancy blood extracts exerted 
a powerful stimulating effect on the unfolding of the alveolar mam- 
mary tree in virgin immature albino rats. Eleven rats receiving 
the extract for 28 days showed distinct development of alveoli and 
lobules, with many branching tubules and occasional areas of colloid 
secretion. After 59 days of such injections, 7 immature rats re- 
sponded with marked lobular formation and clusters of alveoli, the 
lining cells of which were vacuolated and the lumen contained plen- 
tiful colloid secretion. By the end of 90 days 6 rats showed exten- 
sive lobule and alveolar development with marked vacuolation of 
alveolar lining cells, and plentiful colostrum and milk secretion filling 


734 GONADOTROPIC HoRMONES AND MAMMARY GLANDS 


alveoli and ducts. Five rats injected for 193 days had breasts in 
which microscopic sections revealed extensive lobules with both 
advanced lactation and regressive changes present. Many inspis- 
sated concretions were found in alveoli and ducts. One true en- 
capsulated adenoma was present. After 272 days of injection, 4 
rats showed marked regressive changes in the well developed alveoli 
and lobules, and although milk secretion was present it was limited 
to local areas of gland tissue. Two of the 4 animals had definitely 
encapsulated adenoma, while small microscopic milk cysts were 
present in all animals. Concretions were present in ducts and alveoli 
in each instance. The injections were continued in 2 animals for 
365 days. “One, No. 25, revealed marked regressive changes evi- 
denced by shrunken, compact alveoli, concretions and pigment de- 
posits. Animal No. 37 had marked hyperplasia of the alveolar lob- 
ules with extensive secretion changes, colloid and milk production. 
Small cystic areas were filled with colostrum and milk. In all ani- 
mals receiving human pregnancy blood extract the nipple became 
pink, erectile, and elongated, and remained so throughout the experi- 
ment. The alveolar and lobule growth was not obtained in castrate 
20-day and mature 114-day animals after 30 days of injection. The 
controls for animals receiving pregnancy blood extract had only 
small ducts and scanty tubules in the fatty breast tissue, with no 
evidence of alveolar growth. 

Conclusions. The long-continued injection of acid anterior pitui- 
tary extracts and acid extracts of human pregnancy blood produced 
markedly different growth effects in the female albino rat breast. 
The acid pituitary extract response was characterized by growth 
and proliferation of the duct system with increasing periductile 
fibrosis and the appearance of fibroadenomatous areas, but without 
alveolar or lobule growth proliferation. In response to extracts of 
human pregnancy blood there was an unfolding, growth and hyper- 
plasia of the alveolar mammary tree with secretion changes, milk 
production, and after long continued injections, regressive changes, 
often accompanied by the appearance of adenomatous tumors of the 
breast. 
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Production of Fibrinolysin In Vivo. 


E. Neter. (Introduced by E. Witebsky. ) 


From the Bacteriological and Serological Laboratories of the Beth Israel 
Hospital, New York City. 


It was recently reported’ that the fibrinolysin of hemolytic strepto- 
cocci may be found in vivo. The fibrinolytic agent could be demon- 
strated in the spinal fluid of patients with purulent meningitis due to 
streptococcus hemolyticus. Subsequently, purulent exudates from 
various sources have been examined for fibrinolytic potency. The 
exudates were centrifuged immediately and the supernatant fluids 
were tested according to the technic of Tillett and Garner.’ 

Of 5 spinal fluids from patients with hemolytic streptococcal 
meningitis, 4 contained fibrinolysin; the fifth did not, in spite of the 
fact that the isolated strain produced fibrinolysin in vitro. Of 6 
patients with pneumococcal meningitis, only one, due to pneumo- 
coccus type XIV, displayed fibrinolytic activity. The spinal fluids 
of 5 patients with meningococcal meningitis, and of a patient with 
tuberculous meningitis (proven bacteriologically), did not contain 
any fibrinolysin; nor did the spinal fluids of 4 patients with a clinical 
diagnosis of encephalitis. 

Exudates from patients with purulent pericarditis, pleuritis and 
peritonitis also have been examined for fibrinolytic activity. The 
fibrinolysin was demonstrated in the peritoneal exudate of a patient 
with hemolytic streptococcal peritonitis and in the pleural fluid of 
another. patient with §-streptococcal empyema. Fibrinolysin was 
also found in the exudates of 2 patients with pericarditis and peri- 
tonitis, respectively due to Staphylococcus aureus hemolyticus, the 
organism was present in the blood stream of both patients. 

In order to determine whether fibrinolysin is produced in experi- 
mental animal diseases, various strains of pneumococci and hemo- 
lytic streptococci, suspended in saline, were intraabdominally in- 
jected into white mice. The injected material was not fibrinolytic. 
Shortly after death of the mice, which usually occurred between 12 
and 48 hours after the injection, the abdominal cavity was washed 
with about 10 cc. of normal saline; the specimens obtained were 
centrifuged and the supernatant fluid tested for fibrinolytic actiyity. 
Fibrinolysin was present in the washings from mice which had suc- 


1 Neter, B., and Witebsky, E., J. Bact., 1936, 81, 77. 
2 Tillett, W. S., and Garner, R. L., J. Exp. Med., 1933, 58, 485. 
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cumbed to hemolytic streptococcal infection. The fibrinolysin from 
washings dissolved clotted plasma; it was effective in high dilutions 
on human, but not rabbit or guinea pig plasmas; it was heat-labile, 
and could be neutralized by specific streptococcal antisera. The 
washings also contained hemolysin in high titer. Further experi- 
ments aré necessary to determine whether the abdominal washings 
from mice infected with microorganisms other than hemolytic strep- 
tococci may contain fibrinolysin. Thus far, the washings from mice 
killed by various types of pneumococci did not display any fibrino- 
lytic activity. 
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Toxic Effect of Various Concentrations of Bile on Dog’s 
Gall Bladder.* 


EpMUND ANDREWS AND Hans G. ARONSOHN. 
From the Department of Surgery, The University of Chicago. 


Experimental increase in gall bladder bile of one or several bile 
salts causes a reaction on the gall bladder wall. This increase can 
be produced in different ways: 1. By the addition of bile salts to 
whole gall bladder bile. 2. By concentrating the dog’s own bile in 
the gall bladder. 3. By replacing the gall bladder bile with bile from 
another animal, concentrated previous to the introduction. 

The first method has been applied in an experimental study,” * 
revealing the high toxicity of desoxycholic acid as compared with 
the weaker action of other bile salts. 

Attempts have been made by us to concentrate gall blad- 
der bile experimentally without removal from the gall bladder, thus 
producing changes in the gall bladder wall by means of the animal's 
own bile. These attempts, however, have met with great difficulties. 
Since all of the water-absorbing chemicals cause severe damage to 
the gall bladder wall, we tried to accomplish this concentration by 
washing the gall bladder bile with dry warm air for a certain length 
of time. This procedure resulted in some instances in an increase 
in the solid substances of bile, accompanied by a slight reaction on 


* Work done in part under a grant from the Douglas Smith Foundation for 
Medical Research of the University of Chicago. 

1 Aronsohn, H. G. and Andrews, H., Proc. Soc. Exp. Bion. anpD Mep., 1935, 
33, 87. 

2 Andrews, E., and Aronsohn, H. G., loc. cit. 
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the wall of the gall bladder. However, the number of positive re- 
sults is still too small to draw any conclusions. 

The third method mentioned, namely, the replacement of gall 
bladder bile by bile concentrated previous to the introduction, proved 
to be more satisfactory. In fact, the results are sufficiently con- 
vincing to be used for quantitative study. 

The concentrating procedure was as follows: Dishes, each con- 
taining 200 cc. of fresh ox bile, were exposed to an electrical fan 
for different periods of time, allowing evaporation and concentra- 
tion down to 150, 110, 88 and 60 cc. These different biles were 
injected by the catheter method into the dog’s gall bladder. The 
results are given in Table I. 


TABLE I. 
No. of Expts. Results 
Ox bile plain 3 Gall bladder practically normal in all instances. 
Bo aeeeecOnes La0 5 Gall bladder normal in 2 cases, slight reaction in 3 
Fay elected) 6 Mnenate degree of cholecystitis 2 cases, moderate 


degree of cholecystitis plus bile peritonitis 2 
cases, severe cholecystitis 2 cases. 

RE Me 88 6 Severe cholecystitis 1 case, severe cholecystitis plus 
bile peritonitis 1 case, death and severe reac- 
tion 4 cases. 


Uh ae 60 4 Severe cholecystitis 1 case, severe cholecystitis plus 
bile peritonitis 1 case, death plus severe reaction 
2 cases. 


Since bacterial culture revealed bacteria to be present in a great 
number in these concentrated biles, the following procedure was 
performed, to eliminate infection as the possible cause of the gall 
bladder reaction: The different bile concentrations were rediluted 
to the original volume (200 cc.) and this rediluted bile, serving as a 
control, was injected into the dog’s gall bladder. No reaction was 
obtained, as seen from Table II, which proves that bacterial infec- 
tion was not the cause of the changes in the gall bladder. 


TABLE II. 
No. of Expts. Results 
Ox bile cone. 150, rediluted 2 Gall bladder normal 
2) 9 bit. 110, 2) 2 es 2? 2) 
Me LE es 88, a 2 Normal 1 case, slight reaction 1 ease. 
APES BA eae) 60, ed 2 Gall bladder normal. 


Summary. 1. Concentration of ox bile more than half, has a 
marked toxic effect on the dog’s gall bladder, causing death and bile 
peritonitis in many instances. 2. The foreign matter in bile is not the 
cause of these changes since the gall bladder is not affected by bile 
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which is not concentrated. 3. Redilutién of concentrated bile makes 
the bile ineffective, proving that infection is not responsible for the 
change. 
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Sickle Cell Anemia In Deer.* 


Ear C, O’Roxe. (Introduced by R. Isaacs. ) 


From the School of Forestry and Conservation, University of Michigan, Ann 
Arbor. 


Although the presence of the “‘sickling’’ phenomenon has been 
described in man, presumably limited to the negro group, its presence 
in animals has been noted but rarely. Langeron’ reported ‘“demi- 
lune” forms of red blood cells of white rats and guinea pigs with 
rickets, and he reproduced these forms by the injection of lead ace- 
tate into healthy animals. It is not known, however, what relation 
these cells had to the phenomenon of sickling. 

During the course of the study of 178 deer in the past 8 years, 
14 were found in which the phenomenon of sickling was clearly 
demonstrated. One animal was found in Marin County, California, 
but all of the others were from 2 regions in the lower peninsula of 
Michigan, one near Alpena and the other near Bitely. All of the 
animals in these regions did not show sicklemia, however. The 
localization of the groups of affected animals suggests a hereditary 
possibility as is noted in human cases. In 100 autopsies on animals 
shot in the Edwin S. George Reserve of the University of Michi- 
gan, no animals showed sickling of the red blood cells. This herd 
is closely inbred. 

This phenomenon was noted in animals shot for specimens, as well 
as in those found dead in the snow or otherwise well preserved. 
The cells in fixed films showed elongated, crescent shapes, with 
pointed ends, and relatively wider bodies (Fig. 1). The phenome- 
non was observed in fresh mounts sealed with petrolatum and al- 
lowed to stand. They resembled in every respect similar cells noted 
in human cases. 

A rather striking similarity of symptomology was also noted. In 
those individuals in which field conditions permitted a thorough 


*Specimens for autopsy, courtesy Michigan Department of Conservation. 
1Langeron, M., Compt. rend. Soc. de biol., 1911, 70, 434. 
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Fig. 1. 
Blood film of white-tailed deer (heart blood) showing sickling phenomenon of 
red blood cells (Giemsa’s stain). 


autopsy, the animals were thin, emaciated and the blood appeared 
thin and watery. Atrophy of the spleen was noted in practically 
all of the affected deer. A similar condition has been noted in man.* 
Coincidental infestation with the deer louse fly, Liptotena depressa, 
or with lungworms was noted in some specimens. The abnormal 
frequency of broken leg bones in animals found dead in regions 
where sickling was observed suggests an analogy to possible bone 
changes (thinning of the cortex) noted in some human patients.° 

It is possible that sickle cell anemia may be a factor, in addition to 
malnutrition, starvation and lungworm pneumonia, in the cause of 
the winter losses of deer in Michigan. 
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Reaction of Some Rabbit Tissues to Graded Quantities 
of Trypan Blue. 


Duncan C. HETHERINGTON AND R. L. McMitran. (Introduced 
by F. H. Swett.) 


From the Department of Anatomy and the Department of Medicine, Duke 
University School of Medicine. 


During the past 65 years a tremendous amount of effort has been 
directed toward the investigation of the nature and function of a 
large group of tissue cells designated collectively as the “reticulo- 
endothelial system”. The principal tissues considered in these 


2 Steinberg, B., Arch. Path., 1930, 9, 876. 
3 Grinnan, Andrew G., Am. J. Roentg. and Rad. Therap., 1935, 34, 297. 
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studies have been the liver, spleen, lymph nodes, bone marrow and 
the lining structures of the serous cavities. 

Ponfick* seems to have initiated the method of study most widely 
used; namely, the intravenous injection of particulate material. He 
employed cinnabar (red mercuric sulphide) and demonstrated its 
disposition in certain non-parenchymatous cells of the liver. It re- 
mained for von Kupffer,” * however, to identify these cells as phago- 
cytes and to publish his classic descriptions. Since then many workers 
have contributed further to this study, notably Evans,* Evans and 
Scott,’ Downey® and Evans and Schulemann.” * ° 

It is evident from all these investigations that a vast number of 
phagocytic cells, which accumulate and store particulate dyes to an 
extraordinary degree, exists within the animal body. Only after 
large quantities of dyes have been injected do fibroblasts and certain 
other tissue cells take up these substances in any great quantity. 

It was thought that a study of the reactions of rabbit tissue to 
graded doses of trypan blue might show a differential storage of 
dye in certain types of tissue cells which do not belong to the his- 
tiocytic system. 

Methods. Eight litter-mate Chinchilla rabbits in sound health 
were selected, housed and fed under constant conditions. They re- 
ceived by ear vein a sterile, 1% watery solution of trypan blue in 
1.0 c.cm. quantities every 24 hours for the first 2 days. Thereafter 
the dosage was slowly increased until 5 c.cm. were given daily. The 
total dosages for rabbits numbered 1 to 8 were 5, 10, 20, 40, 50, 70, 
85 and 100 c.cm. 

The animals were killed and the tissues studied 24 hours after 
each had received its last injection of dye. Fresh tissue spreads 
were observed and material was also taken for fixation in 10% 
neutral formalin and in a modified Carnoy Lebrun’s*® solution. Sec- 
tions were stained in carmalum. 

1 Ponfick, Emil, Arch. f. path. Anat., 1869, 48, 1. 

2von Kupffer, C., Arch. f. mikr. Anat., 1876, 12, 353. 

3 yon Kupffer, C., Arch. f. mikr. Anat., 1899, 54, 254. 

4 Evans, Herbert M., Am. J. Physiol., 1915, 37, 243. 

5 Evans, Herbert M., and Scott, Katherine J., Contrib. Embryol., Carnegie 
Inst., 1921, 10, 3. 

6 Downey, Hal., Anat. Rec., 1917, 12, 429. 

7 Hvans, Herbert M., and Schulemann, W., Science, N. S., 1914, 39, 443. 

8 Evans, Herbert M., and Schulemann, W., Deutsche med. Wchnschr., 1914, 
40, 1508. 

9 Evans, Herbert M., and Schulemann, W., Folia haemat., 1915, 19, 207. 


10 Hetherington, Duncan C., and Tompkins, Edna H., Stain Technology, 1933, 
8, 31. 
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Kidney, liver, lung, adrenal and spinal cord were studied in par- 
ticular for their reactions to the trypan blue. Other organs and 
tissues were also fixed, sectioned and studied largely as a check on 
the storage of dye in the non-parenchymatous cells. 

Results. It was obvious from gross inspection of the animals 
that their tissues became progressively bluer with increasing doses 
of the dye. Sections of the tissues, as well as fresh spreads, showed 
that there was a differential storage of dye in certain cells other 
than those of the histiocytic system. 

Dye became visible in the cells of the proximal convoluted tubules 
of the kidney after administration of only 5 c.cm. of trypan blue. 
The deposits were few and small and were found near the nucleus at 
the base of the cell. Progressively, as the dye was increased in quan- 
tity, the size and number of granular deposits increased in the tubu- 
lar epithelium. In the animal receiving 100 c.cm. of trypan blue, 
not only was the dye present in greatest quantity in the cells of the 
proximal convoluted tubules but it was also visible in lesser amounts 
in the cells of the distal convoluted tubules and least of all in the 
loops of Henle. None could be detected in the epithelium of the 
collecting ducts. In the heavily dyed animals the epithelium of the 
proximal convoluted tubules was so crowded with dye accumula- 
tions that the outlines of the cells were obscured and in some cases 
the cells seemed to have become desquamated. 

The livers of the lightly stained rabbits showed no evidence of 
storage except in the cells of von Kupffer. However, after 20 or 
more c.cm. of dye had been administered, there was a steady in- 
crease in accumulation of dye within the hepatic epithelium. At 
first the numbers of granules were few; later the dye was taken up 
in amazing quantities but not quite to such an extent as by the epi- 
thelium of the kidney. The Kupffer cells were not only enlarged 
remarkably within the sinusoids but they were increased in num- 
bers and were so loaded with dye that it appeared to be in concen- 
trated masses rather than in discrete granules. The mesothelial cells 
of the peritoneal surface of the heavily dyed livers also contained a 
few blue granules. 

The lung tissues of the rabbits which had received small quan- 
tities of dye were free of colored pigment save that confined to the 
histiocytes which were not at all numerous. As the dosage of try- 
pan blue was increased these cells became very noticeable not only 
by their numbers but also by the large quantities of dye stored in 
them. In some sections numerous dye filled histiocytes were found 
in the blood vessels, suggesting that many of them were carried to 
the lungs by way of blood coming from the liver. 
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The alveolar epithelium contained some blue granules in those 
animals which had received 40 or more c.cm. of dye. Only in the 
most heavily stained rabbits did the dye appear in the bronchiolar 
epithelium and then it did so to such a very slight extent that it was 
found only after careful search. 

The epithelium of the adrenal cortex began to accumulate trypan 
blue in very small quantities only after 50 c.cm. of dye had been 
administered. In the highly stained rabbits blue granules, small in 
size and diffusely scattered, appeared particularly in the cells of the 
glomerular zone; the cells of the fascicular and reticular zones 
showed in comparison very few colored granules. Even fewer and 
finer dye accumulations could be seen in the cells of the medulla. 
Also very small, yet definite, amounts of dye were present in the 
endothelial cells of the medullary sinusoids. 

In the spinal cord, dye was stored within the relatively rare his- 
tiocytes of the meninges but in no case could any trace of blue pig- 
ment be found in the neurons or glial cells. In spite of the large 
amounts of trypan blue in the other tissues of the heavily stained 
rabbits, the sections of spinal cord were singularly pallid. 

Three of the rabbits studied were females. Sections of the ova- 
ries showed that trypan blue was taken up in marked quantities by 
the low columnar cells composing the germinal epithelium. Other 
dye filled cells belonged to the macrophage group. 

Conclusions. Following the administration of total graded doses 
of 5 to 100 c.cm. of 1% trypan blue to rabbits, the epithelium of the 
convoluted renal tubules, of the liver, of the pulmonary alveoli and 
of the adrenal cortex stored dye in decreasing amounts in the order 
named. The quantity of dye stored in a given tissue varied with 
the total quantity of dye administered. 

In highly stained rabbits minute amounts of dye were observed 
also in the bronchiolar epithelium, in the endothelium of the medul- 
lary sinusoids of the adrenal and in the mesothelium of the liver, 
while larger amounts were present in the germinal epithelium of the 
ovary. 
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Shock in Bile Peritonitis.* 


Vircit H. Moon anp Davip R. Morcan. 
From the Department of Pathology, Jefferson Medical College, Philadelphia. 


The toxicity of bile and its salts has long been recognized. Either 
whole bile or the cholic salts produce severe systemic intoxication 
when injected, and produce intense local irritation of the tissues 
at the site of injection. (See Horrall* for review of literature. ) 

Horrall and Carlson? found that intraperitoneal injection of 
sterile bile produced severe illness characterized by vomiting, 
diarrhea, oliguria, albuminuria, bradycardia, low blood pressure and 
death in coma within 24 hours. They described edema, congestion 
and petechial hemorrhages of the lungs, brain, gastrointestinal mu- 
cosa, and marked congestion of the liver and kidneys as postmortem 
findings following bile peritonitis. These physiologic and patho- 
logic features are characteristic of shock, whether occurring clin- 
ically or experimentally.* Similar disturbances followed intraven- 
ous or subcutaneous injections of bile. A small amount injected 
rapidly caused death promptly, while larger amounts given slowly 
caused severe illness followed by death from infection. Sublethal 
doses rendered dogs especially susceptible to pneumoma. 

We have shown that edema of lungs is a characteristic feature of 
shock and predisposes to infection. Terminal pneumonia regularly 
developed following sublethal shock resulting from bile or from 
other agents.* This confirmed our observations’ on terminal pneu- 
monia following sublethal shock in man. The results of Horrall 
and Carlson were published before attention had been called to the 
pathology of shock* and to pneumonia as a sequella. 

Shock has been studied by narcotizing an animal with barbital 
or similar drug, and recording blood pressure and pulse rate kymo- 
graphically through an arterial cannula. Shock is then induced by 
severe tissue abuse such as trauma to the muscles. This method 
is open to serious objections. Variations in blood pressure and 


* Aided by the Martin Research Fund. 

1 Horrall, O. H., Phys. Rev., 1931, 11, 122. 

2 Horrall, O. H., and Carlson, A. J., Am. J. Physiol., 1928, 85, 591. 

3 Moon, V. H., Ann. Int. Med., 1935, 8, 1633. 

4 Moon, V. H., and Morgan, D. R., Proc. Soc. Exp. Bron. AnD Mep., 1936, 33, 
560; Arch. Path., 1936, 21, 565. 

5 Moon, V. H., Am. J. Path., 1933, 9, 899. 

6 Moon, V. H., and Kennedy, P. J., Arch. Path., 1932, 14, 360. 
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pulse rate often result from other conditions. Deep narcosis with 
barbiturates causes low blood pressure and other shock-like mani- 
festations. Hemorrhage occurs incident to the trauma. Sub- 
lethal degrees of shock cannot be studied, since the animal cannot 
be kept in a condition suitable for subsequent observations. The 
recorded phenomena may be due to the narcotic, the trauma, the 
associated hemorrhage, or to a combination of these indeterminate 
factors. 

These objections were obviated by producing shock without 
trauma and without narcosis, using variations in hemo-concentration 
as a physiologic criterion. Both lethal and sublethal degrees of 
shock can be produced and observations made on subsequent days. 
The accuracy of these was confirmed by the presence of the gross 
and microscopic features distinctive of shock. 

Our results following injections of bile were like those of Hor- 
rall and Carlson except in one particular: their postmortem data 
included congestion of the spleen. We found the spleen firm, dry 
and relatively anemic following injections of bile and following 
shock otherwise produced. 

A dog weighing 9 kg. was given intravenous injections of 7.5, 
5.0, 7.5, 15 and 15 cc. of sterile normal dog bile at intervals of 2 
hours. He became acutely weak and ill, showed muscular tremors, 
vomited, and the urine was scanty and deeply bile tinged. Twenty- 
four hours Jater the red cell count had risen from 6,100,000 to 
8,000,000, indicating hemo-concentration of about 30%. The ill- 
ness did not progress and the hemo-concentration three days later 
had declined to 15%. The dog was then killed and examined. The 
lungs were congested and somewhat edematous. There were pe- 
techiae in the pleura, and congestion of the liver and kidneys. There 
was no excess of fluid in the serous cavities. The spleen was firm, 
dry and anemic. 

A dog weighing 9.3 kg. received intravenous injections of sterile 
dog bile, 40, 40, 50 and 60 cc. at intervals of 24 hours. Signs of 
illness and hemo-concentration were as described. He died 6 days 
following the first injection. The postmortem findings were as in 
the previous experiments except that the congestion and edema 
were more marked (Fig. B) and involved also the gastro-intestinal 
mucosa. 

Sterile bile diluted with saline solution was injected into the 
peritoneal cavity, 5 cc. per kg. of weight. The dog promptly be- 
came ill as following intravenous injections of bile. In 3 hours the 
red cell count rose from 5,530,000 to 7,290,000; in 8 hours the 
count was 8,720,000, indicating hemo-concentration of about 57%. 
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Bie. A. 
Lung following death from bile peritonitis. Marked engorgement of the eapil- 


laries and slight edema are shown. x 1000. 


Fie. B. 
Pulmonary congestion and marked edema i 
ing repeated intravenous injections of bile. 
development of pneumonia. x 200. 


n shock with delayed death follow- 
Such lungs are prepared for the 


Fig. C. 
Incipient pneumonia in congested edematous lung in sublethal shock. x 200. 
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He died the following night. The pleural, pericardial and peritoneal 
surfaces were deeply congested and contained blood-tinged fluid: 
25 cc. in either pleural sac, 10 cc. in the pericardium and 100 cc. in 
the peritoneum. The lungs were heavy and intensely congested. 
The vessels along the mesenteric attachment were greatly engorged 
and prominent. The mucosae of the stomach and intestines were 
deeply congested and resembled purple velvet. There was marked 
congestion of the liver, pancreas and kidneys. The spleen was 
firm, contracted and dry. Microscopic examination showed marked 
capillary and venous engorgment, moderate edema and capillary 
hemorrhage in the lungs (Fig. A) and gastro-intestinal mucosa; 
marked congestion, parenchymatous degeneration and necrosis of 
the liver; marked congestion, capillary hemorrhages and parenchy- 
matous degeneration of the kidneys, and moderate congestion of 
the pancreas and adrenals. 

Two other dogs were similarly treated with exactly similar re- 
sults. A fourth dog weighing 8.5 kg. received 25 cc. of bile intra- 
peritoneally. This animal showed moderate illness and hemo-con- 
centration, but he recovered. 

Four dogs received 10% solution of sodium glycocholate intra- 
venously. A dose of 1 gm. per kg. of body weight caused imme- 
diate death in one. Another received 8 doses of 0.4 gm. per kg. 
of body weight at daily intervals. This produced progressive ill- 
ness and hemo-concentration, 35%, ending in death on the eighth 
day. Another received 10 injections of 0.4 gm. per kg. with inter- 
vals of 1 or 2 days, during 25 days. Moderate illness and hemo- 
concentration progressed to death 4 days following the last in- 
jection. The fourth dog died of acute shock 3% hours following an 
intravenous injection of 0.4 gm. per kg. The postmortem findings 
in each case were those characteristic of shock. But following pro- 
longed sublethal shock there was marked pulmonary edema and 
terminal pneumonia (Fig. C). 

Recently Harkins et al.” made experiments on bile peritonitis with 
results similar to those described. In a series of 12 dogs the results 
were uniform and were recognized as shock. Hemo-concentration, 
low blood pressure, decreased blood chlorides and increased non- 
protein nitrogen were noted. They stated that the peritoneal cavi- 
ties contained quantities of fluid resembling blood plasma, but did 
not state whether other congestive, edematous and hemorrhagic 
features were present. Such postmortem features are of especial 
significance when shock is under consideration. They interpreted 


7 Harkins, H. H., Harmon, P. H., Hudson, J., and Andrews, H., Proc. Soc. 
Exp. Brot. AnD Momp., 1935, 32, 691. 
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bile peritonitis as causing death by shock, but emphasized the local 
loss of fluid as the shock-producing factor. 

Our studies indicate that shock results from atony and dilatation 
of the capillaries and venules in visceral areas. Their permeability 
is increased, allowing leakage of plasma into the tissue spaces. This 
results in hemo-concentration and tissue edema, and leads to circula- 
tory failure. The capillaries and venules are visibly engorged and 
packed with corpuscles. That the fluid in the tissue spaces and cay- 
ities results from leakage of plasma was shown by intravenous in- 
jections of trypan blue during shock. The viscera and the serous 
fluids became distinctly blue. 

In shock loss of fluid occurs by vomiting and diarrhea, by edema 
and serous effusions, and by local loss of blood and fluid at the site 
of the injury when such injury has occurred. But no local loss of 
blood or fluid occurs when shock is produced by intravenous injec- 
tions of bile or its salts, various drugs and poisons, histamine, pep- 
tone, bacterial products or by anaphylaxis. Any local loss of blood 
and/or fluid as in extensive trauma or burns, is a factor, but it is 
not the only factor. Its importance is proportional to the amount 
of blood and fluid lost. 

Conclusions. Intraperitoneal or intravenous injections of bile or 
of sodium glycocholate produce the shock syndrome characteristic- 
ally in dogs. This is accompanied by hemo-concentration as in 
shock otherwise produced. Sublethal degrees of shock follow sub- 
lethal doses of the agents mentioned. These may recover or may 
result in pulmonary edema, pneumonia and subsequent death. The 
postmortem findings are the same as those following shock otherwise 
produced. These are: marked capillary and venous engorgement 
of the lungs, serosa, gastro-intestinal mucosa, liver and kidneys; 
edema of lungs, gastro-intestinal mucosa, and serous effusions; 
anemia of the splenic substance. The evidence indicates that bile or 
its salts cause acute injury to the walls of capillaries and venules. 
This results in atony and increased permeability, whereby a disparity 
develops between blood volume and volume-capacity of the vascular 
system. Such a disparity manifests itself in the shock syndrome. 
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Fermentation of Pyruvic Acid by Bacteria of the Colon- 
Aerogenes Group.* 


Mrito MicKeLtson, HowaArp REYNOLDS AND C. H. WERKMAN. 
From the Department of Bacteriology, Iowa State College, Ames. 


In view of the intermediary role assigned to pyruvic acid, an un- 
derstanding of its behavior is of importance in formulating schemes 
of dissimilation for bacteria of the colon-aerogenes group. The an- 
aerobic dissimilation of pyruvic acid by organisms of this group is 
discussed in the present work. 

Aubel* and de Graff and Le Fevre’ report the products of the 
fermentation of pyruvic acid by Escherichia coli to be acetic and for- 
mic acids, carbon dioxide and hydrogen. Acetaldehyde is reported 
to be an intermediate. ; 

Reynolds,* fermenting glucose with Esch. coli under conditions of 
forced aeration, recovered much of the carbon as pyruvic acid with 
corresponding decreases in lactic acid. The rise and fall of pyruvic 
acid during the fermentation of glucose by Citrobacter freundiu 
further substantiates its position as an intermediate. 

Cells were prepared by centrifuging 24-hour cultures, washing 
once with physiological salt solution, and resuspending in enough 
solution to make a paste. A medium consisting of 10 gm. glucose, 8 
gm. peptone, 5 gm. disodium phosphate per liter gave good growth. 
The medium was sterilized at 20 pounds for 30 minutes. Phosphate 
buffer was sterilized separately and added to the glucose and peptone 
after autoclaving. Incubation took place at 30°C. The cultures were 
identified strains used for several years in this laboratory: Aero- 
bacter indologenes, strain 23B, isolated and described by Burkey’*; 
Esch, coli, American Type Culture Collection No. 26; and C. 
freundti, strain described by Werkman and Gillen.’ 

The dissimilations were conducted anaerobically in 300 ml. of 
0.1M phosphate buffer at pH 6.2. The flask and absorption-train 

were flushed with oxygen-free nitrogen before inoculation. 
~ Carbon dioxide was absorbed in Bowen potash bulbs and weighed. 


* Supported in part by Industrial Science Research Funds of Iowa State 
College. 

1 Aubel, H., Bull. de la Soc. Chim. Biol., 1924, 6, 288. 

2de Graff, W. C., and Le Fevre, A. J., Biochem. Z., 1925, 155, 313. 

3 Reynolds, H., unpublished thesis, Iowa State College, 1935. 

4 Burkey, L. A., Iowa State Coll. J. Sci., 1928, 3, 57. 

5 Werkman, C. H., and Gillen, F. G., J. Bact., 1932, 23, 167. 
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An aliquot of the fermentation-liquor was acidified to congo red 
with 25% H2SO,, and residual carbon dioxide was determined by 
heating and aerating under a reflux condenser for an hour. Hydro- 
gen was determined with the Hempel buret. 

Before analysis of the liquor, the cells were removed by adding 1 
ml. of phosphotungstic acid (20% in 5% HsSO,) per 20 ml. of 
medium and centrifuging. Acetic and formic acids were deter- 
mined according to Osburn, Wood, and Werkman® on the steam 
distillate of an aliquot. Lactic acid was determined by the method 
of Friedemann and Kendall’ and 2,3-butylene glycol according to 
Brockmann and Werkman.*® 

Purity of the cultures was established by examination of gram- 
stained smears before and after fermentation. 

Controls of cells and buffer only were run and the small yields of 
products from cells were subtracted. 


TABLE I. 
Dissimilation of Pyruvie Acid by Esch. coli.* 


Pyruyvic Acetic Lactic COs Hy 
Initial 65.46 
Final 0 51.26 15.60 47.46 34.41 


*Products expressed as millimoles per liter. 


The results indicate (Table 1) pyruvic acid to be a precursor of 
lactic acid. The difference in yield of carbon dioxide and hydro- 
gen is equivalent to that used in reducing the pyruvic acid to lactic 
acid. The results suggest the following breakdown: 


(1) CH,COCOOH + HOH -> CH,.C.(OH),.COOH -> CH,COOH + HCOOH 
(2) HCOOH -> Hy + CO, 


Although de Graff and Le Fevre’ accept acetaldehyde as an inter- 
mediate in the decomposition of pyruvic acid by organisms of the 
colon-typhoid group, subsequently they report the products as acetic 
and formic acids, carbon dioxide and hydrogen. Whetham” pre- 
sents evidence for the same products. Esch. coli possesses an active 
formic acid-splitting enzyme. Hydrogen thus liberated serves to 
reduce suitable acceptors such as pyruvic acid. Esch. coli lacks the 
enzymic equipment necessary to use the hydrogen to reduce 2 mole- 


6 Osburn, O. L., Wood, H. G., and Werkman, ©, H., Ind. and Eng. Chem. (Anal. 
Ed.), 1933, 5, 247 

7 Friedemann, T. H., and Kendall, A. L., J. Biol. Chem., 1929, 82, 23. 

8 Brockmann, M. C., and Werkman, ©. H., Ind. and Eng..Chem. (Anal. Ed.), 
1933, 5, 206. 

9 Whetham, M. D., Aust. J. Exp. Biol. and Med. Sc., 1927, 4, 35. 
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cules of acetic acid to 2,3-butylene glycél through acetylmethylcar- 
binol. The case is different with Aerobacter indologenes. 


TABLE II. 
Dissimilation of Pyruvie Acid by Citrobacter freundis.* 
Pyruyvie Acetic Laetie Formic CO, Hy 
Initial 48.16 
Final 0 39.89 6.00 14.51 32.09 28.71 


*Millimoles per liter. 


The results (Table IL) with C. freundii suggest the same mechan- 
ism of breakdown as for Esch. coli. In this fermentation, however, 
not all of the formic acid was decomposed. Six millimoles of pyru- 
vic acid have been reduced to lactic acid; the remainder oxidized to 
acetic acid, and formic acid which is split into CO, and Hs. C. 
freundii is unable to bring about the reduction of acetic acid to 
2,3-butylene glycol. 


TABLE III. 
Dissimilation of Pyruvie Acid by Aerobacter indologenes.* 
Pyruvic Acetic 2,3-B.G. AMC CO. He 
Initial 50.60 
Final 0 28.8 9.4 — 48.54 24.85 


*Millimoles per liter. 


The differentiating characteristic of Aerobacter indologenes is its 
property of condensing and reducing acetic acid to 2,3-butylene- 
glycol through acetylmethylcarbinol. This utilization of hydrogen 
results in the ratio of CO.:H, = 2 instead of 1 which is characteris- 
tic of Esch. coli. Thus it is apparent that the gas-ratio and the 
Voges-Proskauer test (for amc.) so widely used in differentiating: . 
the genera, are expressions of the same basic mechanism of dis- 
similation. 

In Table III, 18.8 mM of acetic acid (or a precursor) have been 
reduced to 2,3-butylene-glycol requiring 28.2 mM hydrogen. 
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Effect of Adrenotropic Hormone on the Natural Resistance of 
Hypophysectomized Rats. 


Davip PERLA. 
From the Laboratory Division, Montefiore Hospital, New York. 


In the present communication the protective effect of the 
adrenotropic fraction of anterior hypophysis on the natural resist- 
ance of hypophysectomized rats to histamine poisoning is reported. 

We were unable to obtain the adrenotropic fraction prepared ac- 
cording to Collip’s method* and as a source of this material we used 
an acid extract of the anterior hypophysis boiled for 20 minutes. 
Such a heated acid extract still contains adrenotropic activity, but the 
thyrotropic hormone and gonadotropic and growth factors are de- 
stroyed (Spence*). Preliminary experiments showed that such 
heated extracts still possess varying degrees of adrenotropic effect 
in hypophysectomized rats. 

The acid extract of dried anterior hypophysis was prepared 
by the method of Loeb.* Ten grams of the powder was extracted 
with 100 cc. of 4% acetic acid overnight. The fluid was brought to 
pH 6.6, centrifuged and then brought to pH 7.8 and filtered through 
a Seitz filter. The heated fraction was prepared by suspending the 
extract in boiling water for 20 minutes. 

Seventy-seven rats of Wistar stock, free from Bartonella muris, 
were used in these experiments. Of these, 14 were normal unop- 
erated controls; 19 were completely hypophysectomized but un- 
treated; 23 were hypophysectomized and injected with 1 cc. of acid 
extract of anterior hypophysis daily from the day of operation to 
the day of the test; 21 were hypophysectomized and injected daily 
with 1 cc. of the heated acid extract of anterior hypophysis. 

Ten days after the operation the rats were injected intraperiton- 
eally with amounts of histamine varying from 300 to 1600 mg. per 
kg. of body weight as indicated in Table I. 

The minimal lethal dose of histamine in the control rats of 
Wistar stock* was about 1400 mg. per kg. The hypophysectomized 
rats untreated were killed in all instances by amounts of histamine 
greater than 400 mg. per kg. and only half the number of rats 
survived this dose. Hypophysectomized rats repeatedly injected 


1 Anderson, E. M., Thomson, D. L., and Oollip, J. B., Lancet, 1933, 2, 347, 

2 Spence, A. W., Saint Bartholomew’s Hospital Reports, 1935, 67, pt. 6. 

3 Loeb, L., and Bassett, R. B., Proc. Soc. Exp. Bion. anp Mup., 1929, 27, 490. 
*This was somewhat higher than in the rats of our stock previously used. 
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TABLE I. 
The Effect of Repeated Injections of Unheated and Heated Acid Extracts* of An- 
terior Hypophysis on the Natural Resistance of Hypophysectomized Rats to 
Histamine Poisoning.t 


Amt. histamine 


per kg. 
No. of body weight, No.of rats No. of rats 
rats mg. survived died 
Hypophysectomized rats treated with acid extract of anterior hypophysis. 
3 300 3 0 
3 400 3 0 
2 500 2 0 
2 600 1 1 
4 700 2 2 
4 800 3 1 
4 900 2 2 
x 1000 0 1 


Hypophysectomized rats treated with a heated acid extract of anterior hypophysis 
(adrenotropic fraction). 

300 
500 
600 
700 
800 
900 

Hypophysectomized rats untreated. 
200 


COwp;DT Dy 


HH 


300 
400 
500 
600 
700 
Normal control rats. 
1000 
1100 
1200 
1400 
1600 
1800 
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*The extract was injected during a period of 10 days after operation in 
amounts of 1 ce. per rat per day. 
+All the rats were 3 to 4 months of age at time of hypophysectomy. 


with an acid extract of desiccated anterior hypophysis from the 
day of operation survived in some instances 900 mg. of histamine 
per kg. When treated with the adrenotropic fraction (the heated 
acid extract) hypophysectomized rats survived as great an amount 
as 700 mg. per kg. All succumbed to amounts in excess of 700 mg. 
per kg. of body weight. 

_ The heated acid extract was not as effective as the unheated ex- 
tract in raising resistance. This may be due to the fact that boiling 
partly destroys the adrenotropic fraction or that other hormonal 
factors present in the acid extract may influence the resistance of 
the hypophysectomized rat. 

Since the heated acid extract is apparently free from all factors 
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except the adrenotropic hormone it is probable that the protective 
effect of the acid extract is due to the adrenotropic fraction. 

The evidence reported in this paper further supports the hypoth- 
esis that the decrease in natural resistance in the rat that follows 
hypophysectomy is in part an expression of insufficiency of the 
suprarenal cortex, due to withdrawal of the adrenotropic hormone. 

The experimental evidence for this hypothesis may be summarized 
as follows: 

(1) The removal of the suprarenal glands of rats is followed by 
a marked depression in the natural resistance to various toxins, 
poisons and bacterial and protozoan infections.; The depression 
is associated to a greater degree with the loss of cortical than with 
that of medullary substance. This conclusion is based on the fact 
that the administration of epinephrine to suprarenalectomized rats 
influences the resistance only to a slight degree,” whereas the admin- 
istration of the suprarenal cortical hormone may raise the resistance 
almost to the normal level.® 

(2) The natural resistance of completely hypophysectomized 
rats to histamine poisoning is depressed during a period of one to 
ten weeks after operation and this decrease in resistance is asso- 
ciated with involutional changes of the suprarenal gland, such as 
hemorrhage into or atrophy of the inner zones of the cortex. Rats 
in which the posterior lobe and a large portion of the anterior lobe 
are removed show a similar drop in resistance and atrophic changes 
in the suprarenal cortex occur, but when a large fragment of an- 
terior lobe remains no depression in resistance to histamine occurs 
and the suprarenal glands are normal.” * 

(3) Repeated injection of large amounts of suprarenal cortical 
hormone raises the natural resistance of totally hypophysectomized 
adult rats to histamine poisoning.’ This is particularly marked 
during the first 2 weeks after operation, the period during which 
the most severe depression in natural resistance occurs. 

(4) The natural resistance of hypophysectomized rats can be 
raised by the administration of (a) emulsions of fresh anterior hy- 

+ For a review of this subject, see Perla and Marmorston.4 

4 Perla, David, and Marmorston, J., Arch. Path., 1933, 16, 379. 


5 Perla, D., and Marmorston-Gottesman, J., Am. J. Physiol., 1929, 89, 152. 

6 Perla, D., and Marmorston-Gottesman, J., Proc. Soc. Exp. Bion. anp Mup., 
1931, 28, 1022. 

7 Perla, D., and Rosen, S. H., Arch. Path., 1935, 20, 222. 

8 Perla, D., Proc. Soc. Exp. Bion. AnD Mep., 1935, 32, 655. 

9 Perla, D., Proc. Soc. Exp. Brot, AND Mep., 1935, 32, 797. 
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pophysis of cattle,*° (b) acid extracts 6f dried anterior hypophysis 
rich in adrenotropic factor, and (c) heated acid extracts of anterior 
hypophysis containing only active adrenotropic hormone (present 
communication ). 

The decrease in natural resistance that follows hypophysectomy in 
the rat to a poison such as histamine may be due to withdrawal of 
the adrenotropic hormone and the consequent insufficiency of the 
suprarenal cortex. 
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Functional Pituitary Grafts in Rats. 


R. O. Greer. (Introduced by Frederick L. Hisaw.)* 


From the Biological Laboratories, Harvard University. 


Recent experiments by Hohlweg and Junkmann,* Haterius, 
Schweizer and Charipper,” and Hill and Gardner* have indicated 
quite conclusively that pituitary tissue will function as a graft. 

It is the purpose of this report to present summarily a series of 
experiments in which the empty sellae of hypophysectomized 28- 
day-old male and female rats were utilized immediately after the 
operation as sites for grafting pituitary tissue. The types of grafts 
included: 1. male hosts bearing (a) their own pituitaries as grafts 
and (b) the pituitaries of 28-day-old female rats; 2. female hosts 
bearing (a) their own pituitaries as grafts (b) the pituitaries of 
other 28-day-old female rats (c) the pituitaries of 1 to 5 newborn 
male rats; (d) the pituitaries of male rats 20 to 40 days old. 
Hosts and donors were taken from an intensively inbred strain 
of rats. In a group of 37 such hosts (5 males and 32 females) 
which were observed for 14 weeks, 73% takes occurred as 
judged by marked body growth and attainment of a functional sex- 
ual capacity.; The growth curves of these animals ascended much 


10 Perla, David, Proc. Soc. Exp. Bion. AND Mep., 1935, 33, 121. 
* Aided in part by a grant from the National Research Council, Committee on 
Problems of Sex, administered by Frederick L. Hisaw. 
1 Hohlweg, W., and Junkmann, Klin. Wehnschr., 1932, 11, 321. 
2 Haterius, H. O., Schweizer, M., and Charipper, H. A., Endocrinology, 1935, 
19, 673. 
3 Hill, R. T., and Gardner, W. U., Proc. Soc. Exp. Bion, AnD MzED., 1936, 34, 78. 
+ In a group of 70 operative controls 69 proved to be completely hypophysec- 
tomized as determined by growth stasis, severe cachexia and macroscopic exam- 
ination of the sella. 
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more gently and flattened out at one-half to two-thirds the heights 
of similar curves for normal non-hypophysectomized controls. 

The sexual development and history of the grafted females were 
similar in all groups regardless of the source of the transplanted 
tissue. Vaginal smears and exploratory examinations of the ovaries 
established the fact that typical cyclic oestrous phenomena oc- 
curred. The cycles in different animals varied in length from 4 to 
14 days, the majority having a 5- to 7-day rhythm. The elongated 
cycles were due in every instance to a prolonged dioestrous interval. 
Ovulation was spontaneous and the resultant corpora lutea appeared 
normal. Thirteen pregnancies were recorded, 8 occurring among the 
females bearing male pituitaries. Living young were delivered at 
term and lactation was normal. 

Females bearing a single newborn male rat pituitary grew very 
slowly and never became sexually mature while 5. such pituitaries 
per host proved very effective. 

Reproductive function was sustained in males by grafts of either 
male or female anterior lobe tissue in the sellae, thus confirming the 
observation of Hill and Gardner,* who found that pituitary tissue of 
the female mouse grafted into the testis of a male would maintain 
the male system. 
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Influence of Potassium and Calcium on Motor Discharges. 


R. W. GERARD AND H. W. Macoun. 


From the Department of Physiology, University of Chicago, and the Institute of 
Neurology, Northwestern Medical School. 


Physico-chemical factors within neurones must be important in 
controlling their activity, both spontaneous and evoked. Impinging 
nerve impulses are the main secondary control in the latter case; the 
condition of the fluid milieu of the cells in the former. The pro- 
longed motor discharges which give maintained rebound postures 
following stimulation of the deep cerebellar nuclei* are a favorable 
case of evoked activity grading slowly into spontaneous activity. 
Since K+ and Ca+- are able respectively to increase and decrease 
potentials in the brain,’ these ions were tested for effects on inten- 


1Magoun and Hare, Am. J. Physiol., 1936, 116 (in press). 
2Gerard and Dubner, Arch. of Neurol., 1936, 36 (in press). 
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sity and duration of the motor sequela¢’of cerebellar stimulation. 

A stimulating electrode was placed by the Horsley-Clark instru- 
ment in the nucleus fastigius of cats under light nembutal anes- 
thesia. A stimulus was chosen to give a good, but not maximal 
response. During stimulation (up to 3 sec.) the crossed foreleg 
is flexed at the elbow; to pass into strong extension on cessation of 
the stimulus. This after-extension was timed and its intensity 
judged semiquantitatively by feel. After several repetitions had 
yielded constant times, 1 or 2 cc. of isotonic KCl, CaCl, or Na 
citrate were injected into the carotid artery and observations con- 
tinued within 30 seconds. In each of 3 tests with K, responses were 
prolonged beyond those earlier or later by an average of 230%. 
(The first 3 responses in each series are averaged.) Likewise, 
Ca++ consistently decreased response duration on the average by 


TABLE I. 
Condition Duration of Extension (sec.) 
Before injection 5.5, 4.5, 4.5, 4.2 
KCl—2 ce. 10.5, 11.5, 16.5, 8.0, 5.5, 3.5, 3.5 
15 min. later 6.8, 5.0, 4.4, 4.2, 4.2 
KCl—2 ce. 13.7, 13.3, 18.0, 6.0, 6.5, 6.0, 6.0 
5 min. later 4.0, 5.0, 3.8 
15 5.0, 3.5, 3.8 
Before Ca 23.5, 15.0, 20.0 — — — 
CaClp—2 ee. 10,0)) 10.85). 8iby la 
10 min. later 16.0, 18.5, 18.0 — — — 
Aver. responses: 
Exp.I Exp. IT 
Control (before and after) 5.2 24.5 
Calcium 2.9 13.0 
Control 4.9 17.4 
Potassium 13.1 25.2 
Control 6.3 16.6 
Citrate 8.3 17.9 


51%. Sodium citrate increased durations 10 to 20%. Intensity 
fairly paralleled duration, being increased with K+ and decreased 
with Ca++. 

In any series of tests under “control”? conditions the first 1 or 
2 responses, after a rest, may be shorter than later ones; and still 
later responses are again shorter. After salt injections, in each 
case the third test, about 1 minute after the injection, gave the ex- 
treme value—longest after K or citrate, shortest after Ca. Table 
I gives 2 single series and averages. 


——— 
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Influence of Potassium Concentration on Temperature of Cold 
Standstill in the Turtle Heart. 


GEORGE H. ZWIKSTER AND T. E. Bovp. 


From the Department of Physiology and Pharmacology, Loyola University 
School of Medicine. 


In 1934 Ets and Boyd’ reported that frog nerves, soaked in modi- 
fied Ringer solutions containing an excess of potassium, are thereby 
rendered abnormally susceptible to block by local cooling. Nerves 
kept in ordinary Ringer solution invariably continued at low tem- 
peratures to conduct until they were frozen. 

We have investigated the effects of varied concentrations of po- 
tassium on the behavior of the turtle heart at low temperatures. 
The excised atria of Pseudemys elegans, with sinus attached, were 
suspended in an aerated bath containing the solution to be tested. 
The preparations were left in the solution for 30 minutes at con- 
stant temperature—in winter at 20°C., in summer at 28°—and 
then gradually cooled. The temperature of stoppage was deter- 
mined from the graphic record made with a light isotonic lever. 
Both sinus and atrial beats ceased abruptly, and not by gradual 
fading. Sino-atrial block appeared first, but as a rule only a few 
sinus beats occurred thereafter. 

Unbuffered Ringer solutions were used. They were modified 


TABLE I. 
Stoppage 
Solution, No. and type of temp. (sinus) 
% KCl preparations Lr Gis 
Frog Ringer 
NaCl .650 
KCl .014 12, summer Below 1 
Cagly 1.042 
Same, KCl .056 PAU pede 5 to 8 
Turtle Ringer 
NaCl .700 Sse? 4 to 6 
KCl .040 
CaCly 025 20, winter 0 or lower 
Same, KCl .02 5, summer Below 1 
Same, KCl .12 SNe 14, 14, 6 
9, winter 8 to —1 
Same, KCl .16 2, summer 28, 23 
4, winter HOV AO; 10 LE 


1 Ets, Harold N., and Boyd, T. E., Am. J. Phystol., 1934, 108, 129. 
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by changing the concentrations of KCl and NaCl in opposite direc- 
tions, keeping the osmotic pressure constant. 

It is evident that the low limit of temperature for spontaneous 
beats varies according to the potassium content of the solution in 
which the heart has been kept. Martin’? found this to be true of 
the beats of the turtle ventricle, but since he stated that the auricles 
were relatively resistant to cooling, he was presumably dealing with 
an atrio-ventricular block rather than a complete stoppage. 

The relatively high susceptibility of summer preparations, indi- 
cated in the table, is apparently due to an actual seasonal variation 
in the condition of the tissue, and not to the higher initial tempera- 
ture from which the cooling was started. Preliminary immersion 
at 20° instead of 28° does not render such a preparation appre- 
ciably more resistant to cooling. Regardless of seasonal varia- 
tions and initial temperature, however, any preparation can be 
cooled to 0° without stopping, if it has been kept for a time in a 
sufficiently low concentration of potassium. 

The effect of the higher concentrations of KCI is reversible. A 
preparation kept in Ringer solution containing 0.160% KCl shows, 
on repeated cooling, a progressively higher temperature of stoppage 
until beats finally cease at room temperature. On transferring the 
preparation to normal frog or turtle Ringer the process is reversed, 
beats eventually continuing at 0°. Balancing the original solution, by 
adding a corresponding excess of calcium, is not effective in caus- 
ing such recovery. 
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Cytological Studies on Experimental Rat Tumors. 


E. von Haam, H. ALEXANDER AND H. BEARD. 


From the Departments of Pathology and Bacteriology and Biochemistry, Louisiana 
State University Medical Center, New Orleans, Louisiana. 


The present investigation is the first attempt at an experimental 
approach to the problem of nucleolus size in cancer cells. In a 
previous publication, von Haam and Alexander’ reported studies on 
nuclear and nucleolar measurements in fixed and unfixed cells of 
malignant tumors in man. After examining 10,000 cells, 5,000 of 


2 Martin, H. G., Am. J. Physiol., 1904, 11, 370. 
lyon Haam, E., and Alexander, H. G., Am. J. Clin. Path., 1936, (in press). 
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which were taken from non-malignant tissues and served as controls, 
the authors came to the conclusion that the number of excessively 
large nucleoli encountered in malignant tissues was sufficient to 
produce a distinct difference in the nuclear-nucleolar ratio between 
benign and malignant lesions based on average values of at least 
100 cells to a specimen. 

The material for the present investigation was experimental 
tumors produced in the albino rat by means of radiation of the ani- 
mals with ultraviolet rays over a long period. With this method, 
which has been described in detail by Roffo; Beard, Boggess and von 
Haam?’ obtained in 40% of their animals malignant tumors of 
various histological types which proved fatal to the animals. The 
technic of measurements of the nuclei and the nucleoli in the ex- 
perimental tumors was identical with that described by von Haam 
and Alexander with the exception that only fixed tissue cells were 
used for the determinations, since it had been shown that proper 
fixation has no appreciable influence on the nuclear-nucleolar ratio. 

Satisfactory selective staining of the nucleoli was obtained with 
Victoria blue or with Regaud’s iron hematoxylin. Toluidine blue 
which had been used extensively in measurements on unfixed cells, 
did not give satisfactory results with fixed tissues. Twelve tumors 
in albino rats were examined—there were eight carcinomas of the 
ear, one carcinoma of the nose and three sarcomas of the eye. Skin 
from healthy animals, taken from regions corresponding to the 
location of the malignant tumors, and liver and kidney epithelium of 
some of the tumor animals served as controls. The results obtained 
are summarized in Table I. 

The nuclear-nucleolar ratio of the cells examined in the malignant 


TABLE I. 
Nuclear Nuclear 
Nucleolar Nucleolar 
Prot. Type of tissue Ratio Prot. Type of tissue Ratio 
No. examined (100 cells) No. examined (100 cells) 
alah Carcinoma of ear 12.4:1 6T Epithelium, kidney 16.5:1 
2T ae aa ALICE 50 a3 skin 23.3:1 
3T a? PANG 13.5:1 4T a liver 18.6:1 
4T cee Pia Od 13.4:1 15C ag skin 19.0:1 
5T re MEN ioe 8.85:1 aly 4 kidney 16.5:1 
6T ie NEE 10.8:1 6T 2 liver 20.8:1 
7T Sarcoma ’’ eye 10.3:1 120 . skin 27.4:1 
8T Carcinoma ’’ ear Chita 19C 22 x3 25.3:1 
oT: a 7? nose 10.1:1 6T a x2 15.331 
10T oe 7? ear 10.9;1 17C ad ie 29.7:1 
Ua Sarcoma ’’ eye 11.3:1 210 ty ae 27.5:1 
12T 1 ze ipso lea 6C dt fe 25.5:1 


2 Beard, H., Boggess, T. S., and von Haam, E., Am. J. Cancer, 1936 (in press). 
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lesions ranged between 8.85:1 and 13.5:1, while the cells taken 
from normal tissues of the control animals and the tumor animals 
ranged between 15.3 :-1 and 29.7:1. Cytological study of the malig- 
nant cells showed not only large nucleoli but also great irregularity 
in the shape, staining properties and number of nucleoli present in 
one nucleus—factors which we previously stressed as character- 
istic of the malignant cells from human tumors. The difference 
between malignant and non-malignant cells as regards nuclear- 
nucleolar ratio is more marked in our series of experimental tumors 
than it was in our series of human lesions which may partly be 
explained by the fact that the controls in this study were healthy 
tissues not the seat of inflammatory changes. 

Conclusions. Study of experimental tumors produced by ultra- 
violet rays in the albino rat revealed low average values for the 
nuclear-nucleolar ratio of groups of 100 cells. The nucleolus from 
experimentally produced malignant tumor cells was found to vary 
greatly in size and number as it does in malignant cells from human 
lesions. 
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Copper Hematoxylin, a Stain for the Acidophils of the 
Human Hypophysis. 


A. T. RASMUSSEN. 


From the Department of Anatomy, Medical School, University of Minnesota, 
Minneapolis.* 


Cushing’s* announcement that a pleuriglandular syndrome, desig- 
nated by him as pituitary basophilism, was associated with baso- 
philic tumors of the anterior lobe, attracted special attention to the 
basophils of the human hypophysis, including those that invade the 
posterior lobe. The latter variety, arising from the indifferent- 
staining cells of pars intermedia,” have been brought into prominence 
in connection with hypertension.® 

Similarity in morphology and staining properties of the basophilic 
cells of the anterior and those in the posterior lobe has been been 


* Aided by a grant from the research fund of the Graduate School, University 
of Minnesota. 

1 Cushing, H., Bull. Johns Hopkins Hosp., 1932, 50, 137. 

2 Rasmussen, A. T., Am. J. Anat., 1930, 46, 461. 

3 Cushing, H., Am. J. Path., 1934, 10, 145, 
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advanced as evidence that the latter have migrated from the anterior 
lobe. Dayton* calls attention to the similarity in their behavior in 
various physiological and pathological conditions. Of those who 
have noted the great similarity in staining reaction, Kasche,’ Bied- 
ermann® and Burgdorf* may be mentioned. 

MacCallum, Futcher, Duff and Ellsworth,® in connection with a 
typical case of Cushing’s syndrome with a tumor in the anterior lobe, 
decided that copper hematoxylin stained the basophils of the anterior 
lobe but not those in the posterior lobe. Since the tumor cells did 
not stain with this technique and had morphological features some- 
what similar to the cells of pars intermedia, they concluded that the 
tumor probably arose from pars intermedia, which, of course, 
arouses new interest in this part of the hypophysis. At the recent 
meeting of the Association for the Study of Internal Secretion at 
Kansas City, Lisser reported a certain amount of recovery in a 
patient with Cushing’s disease after partial removal of a hypo- 
physeal adenoma. That the tissue removed at operation was from 
a pars intermedia neoplasm, was at least partly inferred from the 
staining reaction with copper hematoxylin and the assumption that 
this technique stained the basophils of the anterior lobe, but not 
those that arise from pars intermedia, as announced by MacCal- 
lum, e¢ al.® 

The facts are that copper hematoxylin, as given in McClung’s 
Microscopical Technique’ or by substituting potassium dichromate 
for neutral potassium chromate, stains the acidophils rather than 
the basophils of either lobe. Bailey,*® years ago, grouped Weigert’s 
myelin sheath stain (a copper hematoxylin method) with the more 
or less specific stain for the acidophilic granules. Copper hematoxy- 
lin is also a mitochondrial stain and the difficulty in separating mito- 
chondria from the acidophilic granules in the hypophysis is proverb- 
ial. 

Sections from human hypophyses fixed in formalin, Bouin’s, 
Helly’s, Regaud’s, Zenker’s and Zenker-formol (half the acetic acid 
replaced by formalin) fluid, all give essentially the same results. 
We have selected specimens that happened to have groups of cells 


4Dayton, T. R., Ztschr. f. Anat. uw. Entweklngsgesch., 1926, 81, 359. 

5 Kasche, F., Ztschr. f. mikr-anat. Forschung, 1926, 6, 191. 

6 Biedermann, H., Virchow’s Arch. f. path. Anat. u. Physiol., 1927, 264, 217. 
7Burgdorf, A. L., Endokrinologie, 1935, 16, 148. 

8 MacCallum, W. G., Futcher, T. B., Duff, G. L., and Ellsworth, R., Bull. Johns 

Hopkins Hosp., 1935, 56, 350. 

9 McClung, C. E., et al., 1929, p. 203. 
10 Bailey, P., J. Med. Research, 1921, 42, 349. 
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that could be identified without question. One section of a pair of 
adjacent 5y sections was stained by the well-known Mallory’s acid 
fuchsin-aniline blue-orange G method, which has been used exten- 
sively on the hypophysis, and the other one by the copper hema- 
toxylin method. Sections have been stained in copper hematoxylin 
and then counter-stained with other acidophilic stains and no acido- 
phils were seen that were not already stained by copper hematoxylin. 
We have drawn particular cells in colors under high power and 
decolorized and then stained with copper hematoxylin. In all in- 
stances it is perfectly clear that the basophils of the anterior lobe, 
like those in the posterior lobe, are not stained in fully differentiated 
copper hematoxylin slides, while the acidophils are. The basophils 
may have a darker grayish-brown tone than the chromophobes, but 
this is not sufficiently marked to serve as a method of separating 
basophils from the chromophobes. All acidophils do not hold the 
stain with equal tenacity. This is more or less true of all methods 
and applies to positive staining (by other methods) of basophils as 
well. 

The basophils can usually be identified among the unstained cells 
in the copper hematoxylin method because of their greater vacuo- 
lation. Having sectioned serially the hypophysis of three cases of 
pituitary basophilism, we can corroborate the findings of Crooke,** 
who described hyaline areas of various sizes in the cytoplasm of the 
basophils of the anterior lobe and to some extent also of the posterior 
lobe. This modified cytoplasm also serves to identify the basophilic 
cell among those not stained with copper hematoxylin. While the 
basophils of the posterior lobe are more resistant to these 
changes than are those of the anterior lobe, some of them show 
exactly the same change, giving further proof of the great similarity 
between the basophils in the two locations. 

It is, therefore, concluded that copper hematoxylin is not a stain 
that will differentiate between the basophils of the anterior lobe and 
those of the posterior lobe, by staining the former and not the 
latter, because neither retains the stain. On the contrary, as has 
been recognized by others, it is a good positive stain for the acido- 
phils of the human hypophysis. 


11 Crooke, A. C., J. Path. Bac., 1935, 339. 
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Effect of Varying pH on Toxic Effect of Bile Salts on the 
Normal Gall Bladder.* 


Hans G. ARONSOHN AND EpMuUND ANDREWS. 
From the Department of Surgery, The University of Chicago. 


On injection of bile salts into the dog’s gall bladder we obtained, 
as reported in previous papers,” * marked changes of the gall blad- 
der wall, which on gross and microscopic examination, closely re- 
semble those found in human cholecystitis. In the following study, 
these findings are subjected to thorough criticism because of their 
importance in explaining the origin of human cholecystitis. 

First, a sufficient number of experiments, more than 70, have been 
performed to allow us to draw conclusions. Secondly, the technique 
used (retrograde catheter-cannula) has been described in a previous 
paper* and an ample series of controls has been run. Furthermore, 
the unimportant role played by bacterial infection is seen from 
previous work, as injection of overwhelming numbers of bacteria 
into the dog’s gall-bladder causes little or no reaction on the gall- 
bladder wall.* 

A possible objection against our contention that the cholecystitis 
obtained had been caused by the toxicity of the bile salts, is that 
these bile salts might bring about their effect by changing the pH of 
the gall bladder bile, thus converting the bile itself to a toxic sub- 
stance. There are two ways of controlling this. One would be to 
change experimentally the pH of the gall bladder bile by adding 
acids or alkali and to observe the effect this change might have in the 
gall bladder wall. The other consists of injecting bile salt solution 
after adjusting its pH to that of gall bladder bile. Both methods 
have been applied. Large amounts of strongly acid or alkaline 
solutions are necessary to overcome the buffering action of bile. 
Death of the animal and total gangrene of the gall bladder follows 
the injection of 5 cc. of glacial acetic acid into the dog’s gall bladder. 
The pH after adding this acid to the gall bladder bile and thoroughly 


* Work done in part under a grant from the Douglas Smith Foundation for 
Medical Research of the University of Chicago. 

1 Aronsohn, H. G., and Andrews, E., Proc. Soc. Exp, Bron. AnD Mep., 1935, 
33, 87. 

2 Andrews, E., and Aronsohn, H. G., loc. cit. 

3 Aronsohn, H. G., and Andrews, E., Proc. Soc. Exp. Bron. AND Mep., 1935, 


$2, 1629. 
4 Aronsohn, Hans G., Am. J. Surg., 1936, New Series 32, 18. 


764 Toxic Errect or Bite Sats 


mixing was about 2. Similarly, total gangrene of the gall bladder 
wall was obtained by adding 10 cc. of Na.CO; 20% to the gall 
bladder bile with a final pH of 10. However, here death of the 
animal did not occur, and the effects were wholly local. The fol- 
lowing detailed study shows the extent of the buffering potentiality 
of bile. 

On aspirating the total gall bladder bile, washing the gall bladder 
with a citric phosphate buffer solution of pH 4 and leaving the 
gall bladder filled with this solution, in 2 experiments practically 
no change at all occurs in the gall bladder wall. In 2 other experi- 
ments, again the total gall bladder bile was aspirated and a citric 
phosphate solution of pH 3 left in the gall bladder. In one of these, 
the gall bladder, containing a colorless thin fluid, showed a moderate 
degree of acute cholecystitis. The other, however, was refilled with 
dark bile and revealed a normal gall bladder wall. It is quite ob- 
vious that the bile which had reentered the gall bladder through the 
hepatic duct by its buffering action had kept the acid mixture from 
developing an irritating action on the wall of the gall bladder. 

The second series of experiments consists of the introduction of 
bile salts previously adjusted to the pH of the gall bladder bile into 
the dog’s gall bladder and reveals similar results. 

Various difficulties were encountered in performing these ex- 
periments. The first and chief difficulty was that adding of acid to 
a bile salt solution very easily causes precipitation of the bile acids. 
Special precautions are necessary to prevent this precipitation and 
keep the bile salts in solution. Furthermore, we have to consider 
that many acids, especially inorganic ones, if brought in contact 
with the gall bladder wall, themselves set up a reaction. We could 
overcome these difficulties by using for the adjustment a weak citric 
acid solution, which, as seen from controls, would not cause any 
change on the gall bladder wall even in higher concentration than 
that used. As an example the adjusting procedure for sodium de- 
soxycholic is given as follows: 12 gm. sodium desoxycholic are 
dissolved in 100 cc. aq. dest. This solution which has a pH of 84, 
is heated to body temperature and 0.1 M citric acid added one drop 
at a time. The precipitate which occurs is dissolved by shaking. 
After the desired pH is reached (determined first roughly by a set 
of indicators) exact pH determination is done with Hastings color- 
imeter. 

Table I shows the experiments with adjusted bile salts and the 
controls with citric acid. 

Summary. 1. Strong acids or alkali of pH lower than 2 or higher 
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Injected Solution pi Result 


— 


. Sod. desoxychol. 10, 8% pH after adjust. with 0,1 


mol. citr. acid: 7,3 severe cholecystitis 
DE d) ) 9% 7,2 2?) 9? 
3. Cholic acid 12, 6% 7,8 medium a3 
4, a?) 9 2) 5% 7,4 2) a9 
5. Purif. B. S. 15% pH without adjust. 5,7 moderate ue 
6. a) 9) 15% 5,7 2? 99 
7. Citrie acid-NaOH 1 M. citric acid adjust. 
with NaOH 10% 7 normal gallbladder 
8. 2) 9? 9) 7,4 a) 27 


than 10, cause a gangrene of the gall bladder wall. 2. When an acid 
solution at pH 3 is injected into the empty gall bladder and bile 
through patent ducts is allowed to reenter the gall bladder, the buf- 
fering action of this bile is sufficient to convert the acid bile mixture 
into a harmless solution. 3. The toxicity of bile salts on the gall 
bladder wall is not changed by adjustment to the pH of gall bladder 
bile previous to injection. 4. Citric acid solution, in concentration 
even higher than that used for the adjustment, does not affect the 
gall bladder wall. 

Conclusion. The toxic action of the bile salts on the normal gall 
bladder is not affected by alteration of the pH unless it exceeds the 
normal pH range of gall bladder bile. 
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Relative Toxicity of Different Bile Salts on the Normal 
Gall Bladder.* 


EDMUND ANDREWS AND HANs G. ARONSOHN. 
From the Department of Surgery, The University of Chicago. 


In a previous publication’ we have shown that an experimental 
increase of the bile-salt concentration in the bile produces changes 
in the gall bladder wall similar to “human cholecystitis” Sixteen ex- 
periments had been performed, using ‘“‘commercial bile-salts’” (Ar- 
mour and Company), and so-called “purified bile-salts’’, 7. e., the 
commercial variety freed from non-alcohol soluble impurities by 
alcohol precipitation. The latter proved the more effective prepara- 

* Work done in part under a grant from the Douglas Smith Foundation for 


Medical Research of the University of Chicago. 
1 Andrews, E., and Aronsohn, H. G., loc. cit. 
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tion of the two. The technique employed consisted of the retro- 
grade introduction of a fine ureter catheter into dog’s gall bladders 
through an opening in the common duct and introduction of the 
bile-salt solution through this catheter.” 

To elucidate this action further, we have made a more thorough 
investigation using different bile-salt fractions. The following 
results were obtained from 55 additional experiments: 

The process of hydrolyzing increases rather than decreases the 
effectiveness of the bile salts. While a 20% solution causes a tre- 
mendous reaction on the gall bladder wall, a concentration as low as 
8.7% still produces a marked effect. Two cases of bile peritonitis 
occurred in this group. 

In a series of 13 experiments, a special study was made of Na 
desoxycholate. This proved to be the most powerful fraction, a 
concentration of 15% causing gangrene of the gall bladder wall, 
bile peritonitis, or even death, while even a concentration of 7.5% 
gave a marked reaction. Cholic and apocholic acid are slightly 
weaker in their actions than desoxycholic acid, apocholic being the 
stronger of the two. Positive reactions were obtained with 7% 
apocholic acid, while higher concentrations of cholic acid were 
necessary to produce similar changes. Glycocholic acid, on the other 
hand, has much less effect on the gall bladder wall than the frac- 
tions described above. An 8% solution yielded a normal gall blad- 
der regularly, a reaction being obtained only with a 13% solution. 
Injection of taurocholic acid, obtained by evaporation of dog bile 
to about one-third of its volume, however, gave strongly positive 
results, 7. e., bile peritonitis and death accompanied by a marked 
change in the gall bladder wall. For the sake of completeness, we 


TABLE I. 
Fraction No. of Exp. Reaction 

1. Desoxycholie acid 13 Severe reaction; gangrene of 
gallbl., bile peritonitis and 
death. 

2. Apocholie and cholic acid 17 Same 

8. Cone. dog bile (taurocholic acid) 4 Severe cholecystitis, bile peri- 
tonitis and death. 

4. Hydrolyzed bile salts 6 Severe cholecystitis and death. 

5. Purified ost tie 4 Same 

6. Commercial ’’ ”’ 12 No death. Bile peritonitis and 
cholecystitis. 

7. Glycocholic acid 9 Cholecystitis occasionally on 


high concentration, mostly 
normal gall bladder. 
8. Decholin (dehydrocholie acid) 6 Normal gall bladder. 


2 Aronsohn, H. G., and Andrews, E., Proc. Soc. Exp. Bion. AnD Mxrp., 1935, 
32, 1629. 
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examined the action of Decholin (Dehydrocholic acid), which is 
used in the medical management of human cholecystitis. A 20% 
solution can be injected into the dog’s gall bladder without pro- 
ducing a marked reaction in the gall bladder wall. 

Table I shows the different fractions in decreasing order of their 
toxicity. 

Grossly, the changes involve mainly the outer layers of the gall 
bladder wall. The usual findings were thickening of the wall, es- 
pecially the serosa; thick fibrinous membranes, with fresh ad- 
hesions to the surrounding organs, duodenum and liver; and a 
serous or seropurulent exudate around the gall bladder. Bile per- 
itonitis, either localized around the gall bladder, or a diffuse form 
without visible perforation of, the gall bladder wall, was often seen. 
On microscopic examination, edema of the serosa was found with 
great regularity. In addition, the serosa, covered with a fresh 
fibrinous exudate, showed hyperemia, hemorrhages, dilatation of 
lymphatics, and round-cell infiltration. These changes were regu- 
larly found in those gall bladders which had been diagnosed as path- 
ological on gross examination. There were no qualitative differ- 
ences found in the appearance of the gall bladders after injection of 
the various fractions, the only differences being quantitative. There 
was, however, some difference in the character of the reaction pro- 
duced by desoxycholic acid. In this case, apparently all of the 
layers were involved, there being leucocytic infiltration and hyper- 
emia in the mucous membrane and muscular layer as well as in the 
serosa. It cannot be decided from the anatomical appearance wheth- 
er this involvement of the inner layers was produced by secondary 
extension of the inflammatory process from the serosa to the mus- 
cular layer and mucous membrane, or by primary action on the 
latter. 

We may conclude, in comparing the relative toxicity of different 
bile salts on the normal gall bladder wall, that desoxycholic acid has 
the strongest action. 
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VI. Studies on Autodigestion. Digestion of Living Tissues 
by Trypsin. ; 


H. Necueres, P. Levirsky anp M. MasKIn. 


From the Gastro-Intestinal Laboratory, Department of Physiology, Michael Reese 
Hospital, and the Department of Physiology, University of Chicago. 


Bernard demonstrated that the leg of a living frog can be di- 
gested by stomach juice, but not by trypsin solution.* Kirchheim’s 
experiments in which he found digestion of frogs’ legs with trypsin 
seem to be objectionable, on the grounds that in all probability his 
animals were moribund.” Subsequent authors have confirmed Ber- 
nard’s original experiments (lately Dragstedt, Haymond and EI- 
lis**), and have further shown that erythrocytes,* the mucosa of the 
urinary bladder? and spermatozoa when exposed to trypsin,’ and 
also that organs or tissues when implanted into the duodenum, were 
not digested (Necheles, Ling and Fernando,® and Dragstedt, Hay- 
mond and Ellis*). Boldyreff’ was the first to suggest that trypsin 
may play a role in the genesis of peptic ulcer. This idea was received 
by later authors who attempted to produce gastric ulcer with tryp- 
sin,® but their evidence is not convincing.® 

It is common knowledge that a number of proteins are digested 
only slightly, if at all, by trypsin, but that after a short exposure to 
pepsin-HCl, complete digestion with trypsin takes place. Based on 
this principle, it was determined to study the influence of pepsin on 
tryptic digestion. Living pithed frogs were exposed to pepsin-HCl 
first for a short period of time, which procedure of itself did not 
result in any visible digestion, and then immersed in a solution of 
trypsin, which as has been repeatedly demonstrated is not able to 


1 Bernard, C., Legons de physiologie Expérimentale, Paris, 1856, 2, 408. 

2 Kirchheim, L., and Bottner, A., Arch. exp. Path. u. Pharm., 1915, 78, 99. 

3 Dragstedt, L. R., Haymond, H. E., and Ellis, J. C., Arch. Swrg., 1934, 28, 232. 

* The pertinent literature on peptic digestion has been reviewed in the previous 
paper of this series.10 

4 Matthes, M., Miinch. Med. Woch., 1902, 49, 8. 

5 Fermi, C., Centralblatt f. Bakter., 1910, 56, 55. 

6 Necheles, H., Ling, T., and Fernando, F., Am. J. Physiol., 1926, 79, 1. 

7 Boldyreff, W., Arch. f. d. ges. Physiol., 1907-8, 121, 13. 

8 Stuber, B., Z. f. Hap. Path. und Ther., 1914, 16, 295. 

9 Stahnke, E., and Hsieh, T., Z. f. d. ges. Hup. Med., 1927, 55, 403. 

10 Maskin, M. H., Callahan, R., and Necheles, H., 4m. J. Dig. Dis. and Nutr., 
1936, 3, 174. 
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digest even the skin of a frog. The tests were conducted at a tem- 
perature of 38°C. by placing the containers in a constant tempera- 
ture water bath. One hundred and two successful experiments were 
performed, but for lack of space only a number are reported below. 
Ranae esculentae with an average weight of 40 gm. were selected. 
Trypsin 1:300 and pepsin 1:10,000; were used in 2% solutions of 
HCl and Na.CO, respectively. Of the former, 2 concentrations 
were used, 0.36% (N/10) and 0.18% (N/20), of the latter only 
0.25%. The legs and one-third of the thighs of the frogs were 
immersed in this solution. The thorax was opened at the end of each 
experiment for observation of heart activity, and only such experi- 
ments in which the heart beat was normal at the termination of the 
test were accepted. 
Our results can be grouped into 5 categories: 


A. The influence of pepsin-HCl on tryptic digestion time, 

B. The influence of HCl alone on tryptic digestion time, 

C. A control series using pepsin-HCl followed by 0.25% 
Na2COs. 

D. A second control series using HCl alone followed by 0.25% 
carbonate, and 

E. The negative effect of trypsin alone. 

A. Exposure to pepsin-N/10 HCl for 30 minutes followed by 
trypsin resulted in skin digestion in 10 minutes, and muscle digestion 
in 49 minutes (Series 1). When the pepsin-HCl exposure was 
diminished to 20 minutes, tryptic digestion of the skin took place in 
18 minutes, and no muscle digestion could be observed after 120 
minutes (Series 2). But if an additional exposure of 8 minutes of 
pepsin-HCl was allowed once skin digestion had commenced, we 
obtained muscle digestion in the trypsin in 12 minutes, giving a total 
of 28 minutes in the pepsin and 31 in the trypsin (Series 3). In 
series 4, three repeated exposures of 8, 7 and 9 minutes in pepsin- 
HC] alternated with 14, 15 and 10 minutes in trypsin respectively. 
Skin digestion occurred during the second tryptic exposure, and 
muscle digestion during the third. Thus, if 24 minutes of pepsin- 
HCI were distributed over 3 periods, we were able to demonstrate 
muscle digestion in the trypsin in a total of 39 minutes, whereas it 
required 59 minutes to achieve the same end following a single 
initial exposure of 30 minutes to pepsin-HCl (Series 1). When the 
trypsin was preceded by pepsin-N/20 HCI for 25 minutes, the for- 
mer digested the skin in 11 minutes (Series 5). 


+ We are obliged to Dr. D. Klein, Wilson Laboratories, for supply of part of 
the enzymes, 
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B. Comparing series 8-13, in which the trypsin was preceded 
by HCl alone with Series 1-5, it is evident that tryptic digestion of 
both skin and muscle is much slower than when pepsin is used in 
conjunction with the HCl. Here too we can demonstrate that re- 
peated alternating exposures are more effectual than an equal single 
exposure (compare Series 10 with 8, and 13 with 11). 

C. In series 6 and 7 frogs were first immersed in pepsin-HCl 
for 26 and 23 minutes respectively, followed by 0.25% Na2COs 
alone for as long as 120 minutes without any trace of digestion. 

D. As might be expected, primary exposures to HCl alone 
(N/10 and N/20) for 30-60 minutes succeeded by NaszCO; 0.25%, 
for as long as 78 minutes failed to induce digestion (Series 14, 15, 
16). 

E. In the final series (No. 17) frogs exposed to trypsin for 
more than 2 hours were undigested (confirming Bernard, Drag- 
stedt and others). 

Exposure of the legs of living pithed frogs to artificial stomach 
juice of a physiological concentration of HCl (N/10 and N/20) 
for such a short time that no digestion could occur, prepares these 
tissues for digestion by trypsin. This is due partly to a possible 
destructive effect of HCl per se, and partly to the presence of pepsin, 
as demonstrated by shorter tryptic digestion times when pepsin HCl 
was employed than when HCI alone was used. 

Repeated alternating exposures with short periods of pepsin-HCl 
and varying periods of trypsin result in more rapid digestion than 
where the same periods of time are utilized for a single exposure to 
pepsin-HCl followed by trypsin. 

These findings may offer an explanation for the genesis of duoden- 
nal and gastro-jejunal ulcer, since these tissues are exposed to suc- 
cessive contacts with acid gastric and alkaline duodenal secretions. 
This hypothesis must include, however, the existence of an unknown 
factor which renders the tissues susceptible to digestion. Conditions 
influencing digestion of living pithed frogs by pepsin-HCl have been 
discussed in a previous paper.” 

Summary. The legs of living pithed frogs immersed for a short 
period of time in HCI or pepsin-HCl without any visible digestion 
resulting therefrom, can then be digested by trypsin. Primary ex- 
posure of the frogs’ legs to pepsin- HCl induces a shorter subsequent 
tryptic digestion time than primary exposure to HCl alone. There- 
fore, “peptonisation’™* must play an important rdle in the prepara- 


11 Kestner, O., Chemie der Hiweisskoerper, 1925, page 91. 
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tion of these tissues for tryptic digestion. The above experiments 
demonstrate that tryptic digestion of living tissues can take place 
under appropriate conditions. 
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In Vitro Hydrolysis of Fats by Lipase and Bile Salts. 


Joun E. Davis. (Introduced by H. B. Haag.) 


From the Department of Physiology and Pharmacology, Medical College of 
Virginia, Richmond, anid Department of Physiology, University of Chicago. 


The chemical literature apparently reveals no methods for the in 
vitro hydrolysis of animal fats by lipase and bile salts for the special 
purpose of quantitatively measuring their digestibility. Since it is 
sometimes desirable to test the relative digestibility of fats which 
are either untreated or have been treated with a preservative, it 
occurs to me that an artificial digestion test of this kind might prove 
useful. I have devised such a test in which I attempt to simulate 
body conditions of temperature, fat emulsification, gut motility, H 
ion reaction, and enzyme action. The test was devised for the di- 
gestion of lard, although butter and tristearine have also been used 
as substrate in a few tests. 

Method. To 30 gm. lard in a 125 cc. Erlenmeyer flask, add 20 cc. 
of 0.5% aqueous bile salt solution. Incubate at body temperature 
for 20 minutes and shake flask to form emulsion. Add enzyme 
(0.5 gm. Wilson’s lipase is about optimum). Place flasks in a wheel, 
which will rotate 10 times per minute, within an incubator kept at 
37°C, Allow fat to digest in this manner for 3, 6, 12 or optional 
number of hours. At conclusion of digestion period, add 80 cc. 
benzene to the flasks, set them back in incubator and rotate for 20 
minutes more. Remove flasks and place them in ice box for 20 
minutes. Pipette off 10 cc. of supernatant benzene, add 3 drops 
1% phenolphthalein solution, and titrate with 0.1 N alcoholic so- 
dium hydroxide to a faint pink color. Compute amount of base 
required to neutralize the fatty acids in the whole benzene phase. 
A correction of 0.2 cc. should be subtracted, as representing the base 
required to titrate the benzene phase after a control test in which the 
substrate is excluded. The resulting acid number is a substantial 
index to the extent of the hydrolysis which has occurred. 

The quantity of substrate to be tested may be reduced (e. g., to 
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5 or 10 gm.) provided the quantity of bile salt solution and lipase 
are reduced proportionally. 
Calculation: 
N M £ 1 
D=— XxX — xX — x — x 100 
10: 1,000" fay WW 
Where: D = percentage of the fat which has been hydrolized. 


N = ce. of 0.1 N NaOH used to titrate whole benzene phase. 
M = average molecular weight of the constituent fatty acids in 
the fat. 


— = ratio, weight of fat molecule to weight of acids contained 


f.a. therein. 
W = weight neutral fat in sample before hydrolysis. 


I used a commercial bile salt compound (Wilson) as emulsifying 
agent. Various concentrations in aqueous solution were tried and a 
0.5% solution of the compound proved most effective. The opti- 
mum ratio of fat to water for the formation of a stable emulsion 
was determined by visual inspection and by hydrolysis tests (Table 
I). The emulsion selected as best promoting hydrolysis is one 
formed by 3 parts of fat and 2 parts of water; and is an emulsion 
of water-in-fat. 


TABLE I. 
Digestibility of Lard in Various Emulsions by a Constant Weight of Lipase 
(0.5 gm. for 30 gm. lard). 


Emulsion % Digestion 
gm. lard : ce. 0.5% bile salts in H2O in 12 hr. 
32 21.2 
1:1 18.9 
1:2 12.8 
1:4 12.1 
19 11.8 


0.5 gm. of lipase (Wilson) is employed when 30 gm. of lard is 
to be tested. The initial pH of the bile salt solution before hydrol- 
ysis is about 7.3. Its alkali content is not sufficient to saponify an 
appreciable quantity of fatty acid. Twenty cc. of the 0.5% bile 
salts solution containing 3 drops of phenolphthalein becomes pink 
with the addition of 0.05 cc. of 0.1 N sodium hydroxide. The same 
amount of base is sufficient to titrate to a pink color 20 cc. of our 
distilled water. 

Fig. 1 shows the relationship of time to the hydrolysis of lard. 
After 24 hours of digestion, an equilibrium point, apparently, has 
been reached. Dietz’ showed in an amyl butyrate-water-lipase sys- 


1 Dietz, W., Z. physiol. Chem., 1907, 52, 279. 
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tem that a chemical equilibrium comes to exist in which the reverse 
reaction of ester formation proceeds at exactly the same rate as the 
hydrolysis. Lipase reactions in vitro are probably always reversible. 


To 


1 


ba 
9S 


wh 
N 
. 
N 
S 
S 
x 


6) 3 6 2 12 HOURS 


Fig. 2. 


Fig. II shows the results of hydrolysis of lard, clarified butter, 
and tristearine over periods of 3, 6, and 12 hours. Stearine will not 
form a stable emulsion with the quantity of water specified for lard 
in this test. 

According to Mathews,’ tripalmitin and tristearine constitute 
the bulk of the fat of mammals. I have therefore used the figure 
270 as the average molecular weight of the fatty acids contained in 
lard. For the average molecular weight of the fatty acids of butter 


2 Mathews, A. P., Physiological Chemistry, 1925, 4th Ed., 70, Wm. Wood & Co. 
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I have used the figure 238, which is based upon an analysis by Dean 
and Hilditch.? 

Altogether, I have performed about 200 digestions of various 
durations on lard. In any one digestion test, the percentages of 
hydrolysis in the separate samples do not differ by more than 0.5% 
and are usually much closer. 

Bile salts alone will not hydrolyse fats at all, but that they are a 
definite aid to lipase action is shown in a 6-hour digestion test in 
which lipase alone produced 14.5% hydrolysis of lard, whereas 
lipase with bile salts produced 16.1% hydrolysis. 

Summary. A method is presented for the im vitro hydrolysis 
of fats by bile salts and lipase. In this method an attempt is made to 
simulate body conditions of temperature, enzyme action, gut motil- 
ity, and emulsification. The hydrolysis reaches an equilibrium point 
after about 24 hours, when about 24% of the fat has been broken 
down. 
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Insulin Absorption from Application to the Skin. 


RatpeH H. Major. 


From the Department of Internal Medicine, University of Kansas School of 
Medicine, Kansas City, Kansas. 


Soon after the discovery of insulin there were several reports in 
the literature of attempts to introduce insulin into the blood stream 
by methods other than those of intravenous and subcutaneous ad- 
ministration. Telfer’ reported that insulin in an inunction when 
rubbed on the skin of rabbits produced a fall in blood sugar. Har- 
rison? repeated this work and found that the inunction of insulin 
under these conditions had no effect even when introduced in very 
large amounts. More recently Hermann® and Hermann and Kasso- 
witz‘ have reported a marked fall of blood sugar in both animals 
and patients following the application of an insulin salve on the skin. 


3 Dean, H. K., and Hilditch, T. P., Biochem. J., 1933, 27, 889. 

1 Telfer, S. V., Brit. M. J., 1923, 1, 715. 

2 Harrison, G. A., Quart. J. Med., 1926-27, 20, 187. 

3 Hermann, Siegwart, Arch. f. exp. Path. u. Pharm., 1935, 179, 529. 

4Hermann, Siegwart, und Kassowitz, Heinz, Arch. f. exp. Path. wu. Pharm., 
1935, 179, 524. 
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TABLE I.» 
Date Rabbit No. Time Blood Sugar, mg. 
4/7/36 1 8:40 am. 100.5 
9:10 ’? 265 units insulin. 
10:50 ”? 68 
12:35 p.m. 90.5 
Leva) Ede? 104.5 
4/7/36 2 8:55 a.m. 105 
9:55 ’? 25 units insulin. 
TOS eae: 59 
12:40 p.m. 71 
i tyeastany Te es 93 
SRPAO Mocks 94 
4/9/36 3 9:10 a.m. 127 
9:40 ’’ 25 units insulin. 
al bess ss 69 
1:30 p.m. 88 
PAGEANT Ae) 121 
4/11/36 4 9:20 am 114 
10:00 ’’ 25 units insulin. 
ohn iGe tayoeere4 62 
1:15 p.m. 69 
2145 32 121 
4/11/36 5 9:00 am. 112 
9:25 ’? 25 units insulin. 
LORS onee 50.5 
12:10 p.m. Convulsions. 
aegis 25 
12:25 ’’ 10 ec. 50% glucose intravenously. 
Animal recovered. 
E255) <2? 
4/11/36 6 9:20 a.m. 124.5 
9:40 ’? 25 units insulin. 
DIB Vetsg sy tetdee 78 
12:30 p.m. 22.5 
1:30 7? | In shock; 
A) 72 24 
1:45 ’’ 10 ec. 50% glucose intravenously. 
Animal recovered, 
4/11/36 7 9:25 am, 118 
9:30 ’? 25 units insulin. 
Ul eae, 52 
12:40 p.m. 33 
2008 ee 49 
4/21/36 8 9:15 am. 124 
10:05 ’? 25 units insulin, 
a BEG day ue! 65 
1:05 p.m. cob) 
2:45. .?? 61 
4/21/36 9 9:20 a.m. 128 
10:00 ’? 25 units insulin, 
150m? ?. 52 
1:15 p.m. 16 


1:15 ’’ Convulsions. 10 cc. 50% glucose in- 
travenously. Animal recovered. 
32005 22 138 
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4/24/36 10 9:15 am. 118 
9:50 7’? 25 units insulin. 
12:05 p.m. 37.5 
nly Ey? 28.5 


1:10 ’’ Convulsions. 10 cc. glucose intra- 
venously. Animal recovered. 


Details regarding the preparation and composition of this salve are 
not given. 

During the past year in connection with other experiments on in- 
sulin absorption” ° we have made numerous attempts to lower the 
blood sugar by means of dermal applications. Finding that certain 
glycol compounds aided the absorption of insulin through the mu- 
cous membrane, we have employed these and similar compounds as 
vehicles for the insulin when applied to the skin. 

In the course of our experiments we have used a variety of sub- 
stances as vehicles, including glycerin, triethyanolamin, glycopon, 
deramin, polycol, propylene glycol, diethylene glycol, glycol laurate, 
pinacol, di-nitro-benzine, triethylene glycol, decamethylene glycol, 
and diethylene glycol monoethyl ether. All of these substances are 
well known chemical compounds except glycopon, polycol and dera- 
min, which are proprietary preparations containing glycols. In ad- 
dition to these substances salves made of lecithin with methyl sali- 
cylate, cantharides, guaicol and menthol were employed. Frankly 
negative or doubtful results were obtained with all of these com- 
binations with the exception of a mixture of pinacol and insulin 
and diethylene glycol monoethyl ether and insulin. The results ob- 
tained with the latter substance were apparently more striking than 
those obtained with pinacol. 

Recently we have adopted a procedure which on application to 
the skin of a rabbit has shown an insulin effect. The animal was 
not fed for 24 hours before the test and the skin of the abdomen 
having been shaved was rubbed for a few minutes with 3 to 4 drops 
of glycerin. Ten to 15 minutes later the insulin in diethylene glycol 
monoethyl ether was applied. This solution was made by mixing 
one part of an insulin solution with 3 parts of diethylene glycol 
monoethyl ether. The insulin solution was prepared by dissolving 
powdered insulin in N/10 HCl. The solution of insulin and di- 
ethylene glycol monoethyl ether employed in the tests contained 25 
units per 0.1 cc. After application, the solution was rubbed in 
gently with a glass rod, great care being taken to cause no abrasions 


5 Major, Ralph H., J. Lab. and Clin. Med., 1935, 21, 278. 
6 Major, Ralph H., Am. J. M. Se. (in press). 
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of the skin. A few typical protocols of such experiments on rabbits 
are given in Table I. 

In the course of repeated experiments on the same animals, some 
rabbits apparently became refractory after the insulin had been 
applied to the skin of the abdomen 3 or 4 times. It was found, 
however, that such animals were not refractory if the hair was 
shaved off the back or the thigh and the insulin applied on this fresh 
area, 

The above observations on normal rabbits indicate that under 
the proper conditions insulin may be absorbed through the skin and 
produce a definite and marked fall in blood sugar. 


8791 C 
Capillary Fragility and Vitamin C. 


GrEorRGE K. ANDERSON,* EsTELLE E, HAWLEY} AND Doran J. 
STEPHENS. (Introduced by S. W. Clausen.) 


From the Departments of Pediatrics and Medicine, University of Rochester 
Medical School, Rochester, New York. 


It has recently been suggested that tests of capillary resistance 
may be used as an index of the presence of mild states of vitamin C 
deficiency or subclinical scurvy.** Attempts to correlate the capil- 
lary resistance with other laboratory and clinical manifestations of 
scurvy have resulted in conflicting opinions.°** 

Two methods, fundamentally different in principle, have been 
used to determine capillary strength. Both depend on the produc- 


* Supported by the University of Rochester Grant for Fluid Research. 
+ Aided by a grant from the California Fruit Growers Exchange. 
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tion of skin hemorrhages, presumably due to rupture of capillary 
walls. The Rumpel-Leede test, which has been placed on a quan- 
titative basis by the modifications of Gothlin,* depends on increasing 
the intracapillary pressure to the point where petechiae appear in the 
skin. The “suction” or “negative pressure” test, on the other hand, 
measures the amount of partial vacuum, applied to the skin, neces- 
sary to produce petechiae. The latter procedure has the advantages 
of being less time-consuming than the Gothlin method and in per- 
mitting repeated observations in the same skin area at frequent 
intervals. The original apparatus of Hecht has been modified by da 
Silva-Mello,* by Dalldorf,? and by Cutter and Johnson.” Difficul- 
ties in the interpretation of the literature arise from the fact that 
the results of the two methods are not comparable, and may lead to 
different impressions of the capillary strength.*® *” 

The purpose of this study was to determine the range and degree 
of variation of the capillary resistance in normal individuals and to 
observe its relation to the intake and urinary excretion of ascorbic 
acid in normal subjects, and the correlation, if any, between capillary 
strength and specific disease conditions. It should be emphasized 
that our observations and conclusions relate only to capillary resist- 
ance as measured by the suction method. The apparatus used (de- 
signed by Dr. S. W. Clausen) consisted of a mercury manometer 
to which was connected a suction cup and a syringe, by means of 
which a partial vacuum could be produced, maintained and meas- 
ured to within one cm. of mercury. The suction cup had an open- 
ing one cm. in diameter, with a flange 8 mm. in width, by which the 
cup could be sealed to the skin with vaseline. The capillary resist- 
ance was taken as the least amount of negative pressure (vacuum) 
in cm. of Hg. applied to the skin for one minute, necessary to pro- 
duce macroscopic intracutaneous bleeding. In taking the readings, 
successive, adjacent areas of the skin were taken at intervals of 
one cm. of Hg., until the lowest level was found at which a single 
petechial hemorrhage, large enough to be identified by the naked eye, 
appeared. All readings were made under artificial light—a desk 
lamp. 

A group of 100 normal individuals (75 men, 25 women) between 
the ages of 15 and 50 were tested. Subjects were, for the most 
part, physicians, medical students, nurses and other members of the 


14 da Silva-Mello, Miinchen Med. Wcehnsch., 1929, 41, 1717. 

15 Cutter, I. S., and Johnson, C. A., J. A. M. A., 1935, 105, 505. 
16 Weimer, P., Z. f. d. ges. exp. mead., 1931, 78, 229. 

17 Anderson, G. K., unpublished observations. 
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hospital staff. All were in good health. In each instance, inquiry 
as to the intake of antiscorbutic foods was made and recorded and 
the capillary resistance determined. Repeated readings at intervals 
of several days to several months were made in many of the sub- 
jects. It has been shown by Weimer,*® and confirmed by us, that 
readings obtained by the suction method vary widely in different 
areas of the skin surface. The majority of our observations have 
been made on the inner surface of the upper arm, as this area was 
found to exhibit the most constant results. In a number of instances, 
readings were taken on the outer surface of the upper arm as well 
in order that our observations might be compared with those of 
others who have used this area. 


TABLE I. 
Capillary Resistance of Normal Men and Women. 


No. No. Mean Capillary Coefficient 
indi- observa- Resistance , Standard of 
viduals tions mm. Hg. Deviation variation 
Inner Arm 100 338 13.18 + 0.141 


3.83 + 0.0994 29.2% 
5.97 + 0.165 30.2% 


Outer Arm 66 245 19.82 + 0.256 es 

Table I presents the results of a statistical analysis of the observa- 
tions in normal men and women. Frequency distribution curves of 
determinations made on the inner and outer surfaces of the upper 
arm are shown in Fig. 1. A high degree of variation is apparent in 
both groups. The coefficient of variation of approximately 30% 
is higher than the majority of anatomic and physiologic character- 
istics.* Further analysis of the results showed no significant effect 
of age, sex, coloring (blond or brunette), or of season (fall and 
spring). Although the mean values for the outer arm were sig- 
nificantly higher than those for the inner arm, the spread between 
the readings taken in both areas at the same time was quite variable. 
In a number of instances, the capillary resistance determined on 
the outer arm was only a centimeter or two greater than that de- 
termined on the inner arm at the same time. On a few occasions 
the capillary resistance was lower on the outer arm than on the 
inner arm. 

A second study was made. One hundred patients in the hospital 
wards were picked at random. Here, again, the values obtained 
were without significance either individually or when grouped ac- 
cording to disease condition—the range was similar to the normal 
series. 


18 Pearl, R., Medical Biometry and Statistics, 1923, W. B. Saunders & Co., p. 276. 
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Frequency distribution curves of capillary resistance in normal individuals. 


Daily .observations of the capillary resistance were made in the 
normal individuals in whom the urinary excretion of ascorbic acid 
was determined during varying levels of vitamin C intake. The 
details of this experiment in relation to vitamin C excretion have 
been reported elsewhere.” During a preliminary period of 6 days 
a diet low in vitamin C was administered. This was followed by 
the administration of large amounts of vitamin C in the form of 
400 cc. of orange juice daily. A delay of from 2 to 9 days in the 
excretion of the test dose was interpreted as evidence that a mild 
degree of vitamin C depletion had been induced in each of the 12 
subjects. The average values of capillary resistance, summarized in 
Table II, showed a slight decrease during the period of low vitamin 
C intake, due to marked changes in a few individuals. The sig- 
nificance of this observation is minimized by the failure of the capil- 
lary resistance to increase when large amounts of orange juice were 
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given and evidences of vitamin C saturation appeared. The individ- 
ual curves of capillary resistance, in some of which there were 
marked variations, showed no relation to the intake or excretion of 
vitamin C, 

TABLE II. 


The Effect of Variations in Vitamin C Intake on the Average Values of Capillary 
Resistance and Urinary Excretion of Ascorbic Acid in 12 Subjects. 


Urinary Excretion Capillary 


Orange Juice, Ascorbic Acid, Resistance, 
Days ce. ming. per 24 hours em. Hg. 
1 —_— 17 17.2 
2 — 15 16.0 
3 — 16 14.3 
4 —_— 17 13.6 
5 — 18 14.2 
6 = 12 13.8 
7 400 14 12.8 
8 400 22 11.0 
‘) 400 69 12.2 
10 400 104 13.8 
11 400 113 13.6 
12 400 120 10.6 
13 400 126 12.0 
14 400 148 13.8 
15 400 133 11.6 
16 200 93 11.4 
17 200 89 11.6 
18 200 83 12.6 
19 200 58 12.6 
20 200 47 13.4 
21 200 49 14.0 
22 200 73 14.6 
23 200 67 14.0 


It is of interest that in an independent, as yet unpublished, study 
of capillary resistance determined by a method similar to that here 
described, the threshold level and the range of variation agreed 
closely with the values observed by us.”° 

Summary. 1, Determinations of capillary resistance to negative 
pressure were made in 100 normal individuals. 2. Attention is called 
to the high degree of variation in values for the capillary resistance 
in normal subjects. 3. Variations in the vitamin C intake of nor- 
mal individuals, under the conditions of these experiments, had no 
significant effect on the capillary resistance. 

19 Hawley, E. E., Stephens, D. J., and Anderson, G. K., J. Nutrition, 1936, 


11, 135. 
20 Hauck, Hazel, personal communication, Cornell University, Ithaca, New York. 
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Modification of the Electromyogram of the Simple Reaction by 
Cerebellar Lesions. 


». R. HarHAway aAnp J. C. McKInLeEy. 


From the Division of Nervous and Mental Diseases, University of Minnesota 
Medical School, Minneapolis. 


When simple quick voluntary movements are studied by a com- 
bination of action potential and gross movement technics, the con- 
traction of the muscles, and the gross movements occur in a fairly 
definite sequence. Though finer details vary widely among normals, 
there are fairly constant gross characteristics.. If antagonistic 
striated muscles are recorded, it will be seen that they will both 
show potentials within an average time of about 9¢ from one an- 
other. The contraction potentials of the muscle which will shorten 
in the response occur slightly ahead of its antagonist. The acting 
muscle will also contract more strongly than the antagonistic muscle 
though this difference is not always easily observable on action po- 
tential records. Ata period of about 60 to 100c after the appear- 
ance of the initial contraction in the muscle, the gross movement 
begins. (Fig. 1.) These statements are not in accord with the 


Fig. 1. 
Simple extension of the left elbow in a normal. From above downward: 
Triceps lead, signal line showing stimulus point, gross movement record, 2o time 
line, and biceps lead at the bottom. 


current concepts of the lengthening reaction in antagonistic muscles, 
but they do substantiate the results of Tilney and Pike’ who studied 
this question mainly from the standpoint of muscle volume changes 


1 Hathaway, 8. R., and Sisson, H. D., J. Exp. Psycho. (in press). 
2 Tilney, F., and Pike, F. H., Arch. Neur. and Psychiat., 1925, 13, 289. 


784 MopiFicATION OF ELECTROMYOGRAM 


in voluntary movement. Weisenburg® has said, “If there is a lesion 
in any part of the cerebellar apparatus there is necessarily prodticed 
a disturbance or destruction of the association between agonists and 
antagonists, and the resulting movement must necessarily be inco- 
ordinate or asynergic. 

Since we had studied the coordination of simple extension or 
flexion by the paired action of the triceps and biceps brachii, and to 
a lesser degree the quadriceps femoris and hamstring group, it 
seemed advisable to study this response in cases with cerebellar le- 
sions. 

The subject was placed in a comfortable position with the fore- 
arm supported so that it could rotate freely in a horizontal plane 
about the elbow. He was instructed to extend (or flex) the fore- 
arm as quickly as he could after the appearance of a light which 
was used for a stimulus. The same technic was used for the ex- 
tension of the lower leg at the knee joint except that in this case no 
support was used, the lower leg being simply kicked forward. These 
movements were practiced before the pictures were actually taken. 
The records show the action potentials in the muscles involved, the 
gross movement, the point of appearance of the signal, and a time 
line for reading the time differences involved. The slope of the 
gross movement line is an approximate value for the force of the 
movement. 

We also made several records of the cerebellar rebound phenom- 
enon. The recording technics were essentially the same in this case, 
the subject being instructed to hold with considerable force against 
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Fic. 2. 
Cerebellar rebound in a normal. First pull against triceps. From above down- 
ward: Triceps lead, 5¢ time line, gross movement record, and biceps lead at 
bottom. 


3 Proc. of the Assn. for Research in Nervous and Ment. Disease. VI. The 
Cerebellum, 1929, Baltimore. 
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a constant pull on the forearm. This pull was released with the 
appearance of the signal, allowing the subject’s forearm to swing 
suddenly outward or inward as the case might be. (Fig. 2.) 

We are reporting at this time the findings in two cases of cere- 
bellar involvement. The first was a fairly advanced case of Marie’s 
cerebellar ataxia in a man, age 35. He is at present unable to walk 
without support. The cerebellar symptoms are marked, and earlier 
in our observations were the only symptoms and signs from the 
nervous system. During the past year, there have been superim- 
posed on the original syndrome both increasing deep reflexes and 
decreasing deep sensibility in the extremities. This subject’s records 
show several definite abnormalities. The most obvious difference 
from the normal occurs in the antagonistic muscle which, in con- 
tradistinction to the normal, is but little involved in the reaction. 
This subject, then, shows in these movements a practically unop- 
posed contraction of the acting muscle (Fig. 3). This is true both 


Fig. 3. : 
Simple extension of the left elbow in a case of Marie’s cerebellar ataxia. 
From above downward: Triceps lead, superimposed gross movement and 5¢ time 
lines with break in time line marking stimulus, and biceps lead at bottom. 


in the arm and in the thigh. The reaction time is much longer than 
average and the gross movement tends to be somewhat wavering; 
the patient was nevertheless very cooperative and obviously doing 
his best. 

Records of the cerebellar rebound show the antagonistic muscle 
coming in strongly as a reflex response, possibly myotatic, to the 
extension of that muscle which occurs when the arm is released. This 
action of the antagonist not only suddenly stops the outward move- 
ment of the released forearm, but brings it back so rapidly that the 
opposite type of contraction occurs in the other muscle producing a 
second extension and the typical rebound phenomena. Normal rec- 
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Fig. 4, 
Cerebellar rebound in the left arm of a case of Marie’s cerebellar ataxia, First 
pull against biceps. From above downward: Gross movement record, triceps lead, 
5o time line, and biceps lead at bottom. 


ords of this same reaction do not show this interplay of antagonis- 
tic muscles (Figs. 2 and 4). 

In view of the definite findings in this case, it seemed advisable 
to find a case in which the loss of cerebellar tissue would be much 
less marked and in which there would be no other demonstrable 
sensory and motor tract signs. 

We selected from the clinic a 12-year-old girl, who, about 2 years 
previously had had an astrocytoma removed from the left lobe of 
the cerebellum. She was originally markedly ataxic but at present 
is neurologically negative. Records in this case (Fig. 5) were much 
more nearly normal. Reactions were within normal reaction time 
and in general appeared to the observer to be normal. When the 
records are closely examined, however, the antagonists are found 
to be involved in the reaction much less than the normal and the 


Fig. 5. 

Simple extension of left elbow in a case with a small cerebellar lesion. From 
above downward: Triceps lead, 5¢ time line with break showing stimulus point, 
gross movement record, and biceps lead at bottom. The preliminary tone in the 
triceps should be disregarded. 
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time between the appearance of contraction in the two muscles is 
usually about twice the normal time. This is particularly true in 
the left arm, which was originally the more ataxic. The records of 
cerebellar rebound were apparently normal. 

As a check upon the possible sources of these disturbances espec- 
ially regarding our first case, we obtained records from a moder- 
ately advanced uncomplicated tabetic patient who had complete loss 
of tendon pain, a much reduced muscle pain, and absent patellar 
reflexes. On this subject we obtained records from the left arm 
and leg. These records were not different from normal in any 
of the above points. This seems to eliminate the possibility that 
proprioceptors are determinants of activity of the antagonist in a 
simple reaction. 

Though 2 cases of cerebellar disease do not constitute a satisfac- 
tory series, it is striking that they deviate in a similar way from 
the normal in recordings of simple reactions. Thus, instead of the 
nearly simultaneous contraction of agonist and antagonist which we 
have observed in normals, the cerebellar cases show a suppression of 
potentials in the antagonist. A tendency to increased reaction time 
is also notable. A generalization from these observations as to 
their applicability for the diagnosis of cerebellar involvement must 
obviously await the accumulation of more data. 
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Rapid Procedure for the Quantitative Estimation of Antitrypsin. 


KENNETH L. BuRDON AND CHARLES LAFFERTY. 


From the Department of Pathology and Bacteriology, Lowisiana State University 
Medical Center, New Orleans, Louisiana. 


Gates,’ Gilman and Cowgill,? and Pickford and Dorris,’ have 
found that photographic film furnishes a useful substratum for the 
titration of proteolytic enzymes, since the gelatin layer, which is 
readily digested by pepsin or trypsin, is sufficiently uniform in 
thickness and consistency to permit quantitative tests. The release 


1Gates, F. L., Proc. Soc. Exp. Bion. AnD MED., 1926-27, 24, 936. 
2 Gilman, A., and Cowgill, G. R., J. Biol. Chem., 1930, 88, 743. 
3 Pickford, G. H., and Dorris, F., Science, 1934, 80, 317. 


788 QUANTITATIVE ESTIMATION OF ANTITRYPSIN 


of the silver from an exposed (opaque) film, through the progres- 
sive proteolysis of the gelatin, causes a proportionate decrease in 
density, and finally, when digestion is complete, the film becomes 
entirely transparent. 

We have utilized this principle in devising a new technique for the 
quantitative titration of the antitryptic power of serum or other 
fluids. At the same time, we have modified and simplified the pro- 
cedures followed by the authors mentioned. We have avoided the 
use of the colorimeter for estimating changes in the density of the 
film, as advocated by Gilman and Cowgill, and instead take for the 
end-point the film showing complete transparency to the naked eye, 
thus measuring digestion of the gelatin only, without reference to 
an arbitrary standard of initial density. After determining by ex- 
periment the influence of various factors on the reaction, we are 
able to outline a definite procedure, which permits the exact repro- 
duction of results at will, and the expression of the findings in simple 
figures. Further, we have provided for the preservation of the 
films themselves as a permanent record. 

The following is the procedure now recommended. 

Eastman Process film is fully exposed to light, and developed 
for 5 minutes in D-72 developer. It is then cleared and fixed in 
freshly prepared hypo solution, containing the usual proportion of 
Fl—a hardener, for 15 minutes. After thorough washing and dry- 
ing, the film is cut into discs 44 inch in diameter with a hand punch. 

A stock 2.0% solution of Fairchild’s trypsin is made in a borax- 
boric acid, salt, buffer solution, pH 7.3, prepared according to the 
directions of Palitzsch, as given by Clark.* One gm. of the pow- 
dered trypsin is stirred into 50 cc. of the buffer solution, and the 
mixture allowed to stand at room temperature, with frequent shak- 
ing of the flask, for 15 minutes. It is then filtered into a sterile, 
screw-top bottle, and 0.1 cc. of a 1:1000 aqueous solution of mer- 
thiolate is added. Kept in the refrigerator, this stock solution loses 
potency gradually, but remains sufficiently active for at least 10 days. 

Human serum to be tested for antitryptic power is diluted with 
4 parts of the buffer solution just before use. 

A series of dilutions of the stock trypsin solution is prepared by 
pipetting into test tubes amounts of this solution, beginning with 
0.1 cc., and increasing each time by 0.1 cc., and then adding sufficient 
buffer solution to bring the total volume in each tube to 2.0 cc. A 


4Clark, W. M., The Determination of Hydrogen Ions, Williams and Wilkins 
Co., Baltimore, 1923, pp. 115, 117. 
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range of 8 or 10 dilutions is usually enough to give convenient end- 
points. 

Using separate, cotton-plugged pipettes, equal quantities (0.3 cc.) 
of each dilution and of buffer solution (in titration of the trypsin 
alone), or of diluted serum (in titration of antitrypsin), are added 
to a 2nd series of small test tubes, and the fluids thoroughly mixed. 
A control tube is prepared, containing 0.6 cc. of buffer solution only. 

These tubes are now placed in a water bath at 40°C. for 10 min- 
utes, solely for the purpose of warming the test fluids. The con- 
tents of each tube are then poured quickly into separate concavities 
of a Coors glazed porcelain plate, previously warmed for at least 
15 minutes in a 40°C. incubator. A single film disc, handled with 
forceps, is now dropped, gelatin side down, upon the surface of 
each mixture. The plate is returned at once to the 40°C. incubator, 
the atmosphere of which is kept saturated with moisture, and diges- 
tion is allowed to proceed for 15 minutes. 

The plate is then removed, and, as rapidly as possible, each film 
disc is picked up with forceps, rinsed briefly in 4% formalin (to 
stop the reaction and fix the film), and deposited, gelatin side up, 
upon filter paper to drain. The discs are now mounted upon a 
strip of transparent, gummed cellulose tape stretched across an 
opening prepared in a 4 by 6 inch card. As soon as the films have 
dried, a 2nd strip of the tape is placed over them, sealing them be- 
tween the gummed surfaces. The card, which may now be freely 
handled, bears all data necessary to describe the experiment and 
may conveniently be filed as a permanent record. 

When viewed against the light the first of the film discs in the 
series to-be fully cleared is apparent to the naked eye. This is taken 
as the end-point, and the titer of tryptic activity is expressed directly 
in terms of milligrams of trypsin per cc. in this mixture, containing 
the lowest concentration of trypsin, which has brought about com- 
plete digestion. Thus, a fresh 2.0% trypsin solution will almost 
invariably have a titer of 1.0, 7. e., complete digestion will first occur 
in the mixture made by diluting 0.2 cc. of this solution up to 2.0 cc. 
and further diluting, for the test, with an equal volume of buffer 
solution, so that the final concentration of trypsin per cc. in this 
mixture is 1.0 mg. 

The difference between the titer in the presence of a diluted serum 
and the titer in the absence of serum represents the antitryptic pow- 
er of that serum. This figure, multiplied by the serum dilution, is 
assumed to express the antitryptic index of the undiluted serum. 

In preliminary titrations, the sera from 50 normal women showed 
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a mean antitryptic index of approximately 7.5, whereas the mean 
value for the sera of 15 pregnant women was found to be approxi- 
mately 10.0. This is in accord with the findings of others, who have 
observed a rise in antitrypsin during pregnancy.’ 


8794 P 
Pregnancy in Cholesterol Fed Rats. 


Lots STEWART GODFREY* AND RuTH OKEY. 


From the Laboratory of Household Science, University of California, Berkeley. 


The disturbances in blood cholesterol level known to be associated 
with pregnancy, and the prevailing impression that pregnancy may 
increase the incidence of diseases associated with abnormal choles- 
terol deposition have indicated the desirability for study of the 
influence of cholesterol feeding during pregnancy. 

There is strikingly little record of such a study in the literature. 
Schonheimer’ reported that pregnant animals were more subject to 
the deposition of anisotropic fat than non-pregnant ones, He re- 
ports feeding cholesterol to a rabbit which became very sick 14 days 
after mating and showed resorption of 3 fetuses with one fetus dead 
at term and abnormal deposition of anisotropic fat in the placenta. 

We have used rats for the present study. These were placed at 
weaning on a diet made up of 20 parts raw casein, 4 parts Osborne 
and Mendel salts, 4 parts agar, 15 parts Crisco, and 57 parts starch, 
with one part cholesterol dissolved in Crisco and incorporated in 
the diet. Vitamin supplements were given separately 3 times a 
week as yeast, tiki-tiki, or yeast.extract for B, and tuna or sea bass 
liver oil standardized in this laboratory and diluted with corn oil 
for Aand D. With tiki-tiki, raw casein supplied G. After success- 
ful mating was demonstrated by the finding of sperm, the protein 
in the diet was increased to 26% and the starch decreased to 51% 
and the vitamin B increased 2 to 4 times (in different groups). 
This diet was modeled on that shown by Morgan and Simson’ in 
this laboratory to be adequate to meet the food requirements of the 
rat during pregnancy. 


5 Flexner, L. B., Berkson, J., Winters, H., and Wolman, I., Proc. Soc. Exp. 
Bion. AND Mep., 1928-29, 26, 592. 

* Deceased, November 16, 1935. 

1 Schonheimer, R., Arch. Path. Anat. (Virchow), 1924, 249, 1. 

2 Thesis: Catherine M. Cave Simson with A. F. Morgan, Department of House- 
hold Science, University of California, Berkeley, 1934. 
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Vaginal smears were taken daily after the rats were approximate- 
ly 90 days of age. In general cycles tended to be lengthened by 
one to 2 days. They were not altered, nor was the mating per- 
formance of the animals changed when, at the suggestion of Mrs. O. 
H. Emerson, a wheat germ oil preparation of tested potency in 
amounts several times that necessary to supply the vitamin E re- 
quirement for normal pregnancy in the rat was given to half the 
animals. Some difficulty was experienced in obtaining successful 
matings with cholesterol-fed animals. There seemed, however, to 
be no difference, either in fertility or in difficulty of mating when 
cholesterol-fed males or males on stock diets were used. Likewise, 
cholesterol-fed males showed no loss of fertility when mated with 
stock females. 

Fifteen first and 5 second litters from cholesterol-fed mothers 
were carried through to term. Thirteen apparently entirely normal 
animals were killed just before delivery and nine more from the 
14th to the 18th days of pregnancy. Three animals showing resorp- 
tion were killed during pregnancy. Because of the previous study 
carried out on the same diet in this laboratory, only about half that 
number of non-cholesterol-fed animals were included in this first 
series. These were sacrificed during and just at the end of their 
pregnancies. 

The livers of the cholesterol-fed mothers showed the usual fatty 
appearance. There was also some gross evidence of fatty infiltra- 
tion of the placentae. Fetuses tended to be slightly smaller than in 
control and stock animals killed at the same stages of pregnancy. 
Birth weights of the young were not obtained because we were afraid 
that handling the animals would induce cannibalism. Two litters 
were found dead within a day after birth, and one or 2 animals 
were lost from 3 other litters. Litter size averaged 8.5 for chol- 
esterol-fed mothers, a number not significantly different from the 
controls but about 4 less than for the stock colony. Eighteen litters 
were carried to weaning. Weaning weights of babies from chol- 
esterol-fed mothers averaged 20.5 gm., which was more than 15 
gm. lower than Morgan and Simson’s for the same basal diet, and 
over 20 gm. lower than the average from our stock colony for lit- 
ters cut to this size. These animals, however, grew normally after 
weaning, the average weights of 30 females kept for an additional 
6 months on the cholesterol diet was 193 gm. and the average for 
15 males, 305 gm. 

It would seem, therefore, that we are justified in concluding that, 
while cholesterol feeding apparently interferes to some extent with 
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intrauterine growth, we may, nevertheless, carry cholesterol-fed 
animals through successful pregnancy and lactation studies. Be- 
cause it is possible to follow cholesterol distribution in tissue, this 
should represent a useful method for study of the lipid transport. 
Tissue analyses from these and later series of pregnant animals 
will be reported in the future. Mrs. Godfrey’s untimely death has 
necessitated reorganization of our plans for this study and de- 
layed the work to the extent that we have felt that the potential use- 
fulness of her findings has indicated this preliminary report. 
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Isolation of a Water-Soluble Pregnandiol Complex from Human 
Pregnancy Urine. 


ELEANOR M. VENNING AND J. S. L. Browne. (Introduced by 
J. ‘C. Meakins. ) 
From the McGill University Clinic, Royal Victoria Hospital, Montreal, Canada, 


A physiologically inactive solid alcohol was prepared from human 
pregnancy urine by Marrian* in 1929. This substance was identi- 
fied by Butenandt? in 1930 and was called by him pregnandiol. It 
was insoluble in water and showed a melting point of 233-235°C. 
(uncorrected). Recently O’Dell and Marrian® have obtained evi- 
dence for the existence of an acid-hydrolyzable form of pregnandiol. 

We have been able to isolate a water-soluble complex of pregnan- 
diol from pregnancy urine. The method of preparation was as 
follows: Pregnancy urine (9th month) was extracted with butyl 
alcohol. The extract was evaporated to dryness under reduced 
pressure. The residue was taken up in N/2 NaOH and re-extracted 
with butyl alcohol, the butyl alcohol fraction washed twice with 
water and evaporated to dryness. The residue was dissolved in a 
minimal amount of water and the substance was precipitated with 
acetone. This was collected by centrifuging and purified by crys- 
tallization from hot water and several times from ethyl alcohol. 

The white crystalline substance, so obtained, melts at 268-71°C. 
(uncorrected) with decomposition and evolution of gas. It crys- 
tallizes from alcohol in thin plates. It is soluble in water, less solu- 


1 Marrian, G. F., Biochem. J., 1929, 28, 1090. 

2 Butenandt, A., Ber. dtsch. chem. Ges., 1930, 63, 659, 

3O0’Dell, A. D., and Marrian, G. F., Canadian Chemical Convention, 1936, 
June 11th. 
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ble in ethyl alcohol, insoluble in ether. Qualitative tests for nitrogen, 
sulphur, phosphorus and halogens were negative. It is precipitated 
from aqueous solution at room temperature by acid, yielding a crys- 
talline compound of acidic nature, which melts at 179-180°C. (un- 
corrected) and decomposes with gas formation. 

The material melting at 271°C. was subjected to acid hydrolysis 
in the autoclave, and a crystalline substance was obtained (insoluble 
in water but soluble in acetone) melting at 218°C., which on recrys- 
tallization from acetone and alcohol melted at 233°C. It showed 
no depression of mixed melting point with pregnandiol. A solution 
of the complex showed no reduction of alkaline copper, however, 
the filtrate after hydrolysis caused marked reduction. Both the 
filtrate and the original material gave a strongly positive naphtho- 
resorcinol test (Tollens) showing the presence of glucuronic acid. 

The carbon-hydrogen analyses for the free acid gave the follow- 
ing values: C, 63.65%, 63.52% ; H, 8.75%, 8.77%. The theoretical 
values for pregnandiol-glucuronic acid (C:;HiOsH;O) are C, 
63.1% ; H, 8.95%. The values for the acid agree reasonably well 
with those required for pregnandiol-glucuronic acid. The complex 
extracted directly from the urine contains sodium and is a mono- 
sodium salt of pregnandiol glucuronic acid. The yield of the preg- 
nandiol complex obtained by this method as the sodium salt, from 
pregnancy urine near term, is at least 40 to 50 mg. per liter, which 
on hydrolysis would give about 20 to 25 mg. of pregnandiol, a 
greater amount than has previously been reported. 

As pregnandiol may be regarded as the excretion product of cor- 
pus luteum hormone and also is the initial product in the synthesis of 
this hormone, the above relatively easy method of extracting and 
measuring this substance should be of practical significance. 

We are at present measuring the amount of this complex ex- 
creted during the various stages of pregnancy.* 


* Carbon-hydrogen analyses were done by Dr. V. Niederl, New York University. 
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Effects of Anatomical Separation of Hypophysis from 
Hypothalamus in the Dog.* 


A. D. KELLER, Wi1LL1Am Nose AND J. W. HAMILTON, Jr. 


From the Department of Physiology and Pharmacology, University of Alabama 
School of Medicine. 


With a view of elucidating the mechanism concerned in eliciting 
enhanced food intake following removal of the posterior lobe of 
the hypophysis and hypothalamic lesions, the whole of the hy- 
pophysis was separated from the nerve and blood supply coming to 
it from the hypothalamus by cutting the stalk with scissors at its 
junction with the hypothalamus. This was successfully accom- 
plished in 5 dogs, as evidenced by direct observation and by serial 
section of the tissue, without injury to the pars anterior, pars inter- 
media, or hypothalamus, and with variable, though slight, involve- 
ment of the pars tuberalis. In all animals there occurred a central 
atrophy of the infundibular process and increased cellularity in its 
remaining portion. The duration of the experiments ranged from 
three to five weeks. 

A slight increase in food and water consumption occurred tem- 
porarily and showed a tendency to persist in instances, while in 
others there remained no deviation from the normal. There was 
no significant alteration in blood sugar, rectal temperature or in the 
general behavior of the animals either directly following operation 
or subsequently. These results demonstrate that in the dog, as in 
the monkey,’ the blood supply from the posterior lobe artery is 
adequate for the gland as a whole; and also that denervation (hypo- 
thalamic) of the pars nervosa (which includes the infundibulum) 
does not precipitate enhanced food consumption or diabetes in- 
sipidus. 

In order to harmonize these results in the dog with the interpre- 
tations of the Richter and Ranson schools relative to the cause of 
diabetes insipidus, one would have to assume either (1) that the 
ventral portion of the hypothalamus serves as a source of the anti- 
diuretic principle as well as the pars nervosa, or (2) that our pro- 
cedure in some way paralyzes a possible hypophyseal diuretic 
mechanism. It seems certain that the latter is not the case since 


* This work was aided by a grant from the Rockefeller Foundation. 
1 Mahoney, W., and Sheehan, D., Brain, 1936, 59, 61. 


VIOSTEROL ON PARATHYROIDS AND KIDNEYS 795 


marked transitory diabetes insipidus (700 cc. of water per kg. body 
weight) occurred in four dogs in which following separation of the 
gland its proximal surface was cauterized. Ina few days, the water 
intake returned to normal or only a trace of an increased consump- 
tion persisted. In one instance following cautery, typical diabetes 
insipidus appeared subsequent to the 10th day; thus suggesting that 
the essential mechanism responsible for diabetes insipidus both of 
the temporary and of the permanent type is inherent in the hy- 
pophysis. That the ventral portion of the hypothalamus is not in- 
volved as outlined above is indicated not only by numerous proto- 
cols from our earlier cat and dog series but also by further experi- 
ments for verification now near completion. 

That the hypophysis is essential for the diabetes insipidus which 
follows hypothalamic lesions is also evidenced because hypophysec- 
tomy, on the 49th day after the hypothalamic lesion, eliminated 
abruptly a persistent marked diabetes insipidus (from 700 cc. water 
per kg. of body weight to normal—100 cc.+). This result might 
of course be due to an indirect effect on metabolism rather than to 
the removal of the specific mechanism causing the disturbance. 


8797 C 
Effect of Viosterol on the Parathyroids and Kidneys of Rats.* 


E. V. Cowpry Aanp L. E. REcror. 


From the Anatomical Laboratory, Washington University, St. Louis. 


Alterations unlike those hitherto reported as following the ad- 
ministration of viosterol have been recently described in monkeys 
(Macacus rhesus). The parathyroids of some remained about the 
same, but those of others showed a marked decrease in basophilic 
cytoplasmic material, and the possibility was mentioned that this 
material might constitute a parathyroid secretion antecedent. In 
the kidneys, the incidence of intranuclear inclusions increased from 
18.7 to 75% of individual monkeys. This was interpreted as due, 
either to the activation of a virus already present in very small 
amounts, or to the direct effect of the treatment. It was not pos- 
sible to correlate the degree of loss of parathyroid basophilic ma- 


* Aided by a grant from the Josiah Macy, Jr., Foundation. 
1 Cowdry, E. V., and Scott, G. H., Arch. Path. (in press). 
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terial, or the extent of formation of thé nuclear inclusions in the 
kidney with the size of the dosage. 

White rats were selected for further experiments because Rector? 
found that in our laboratory the kidneys of 50 were apparently with- 
out nuclear inclusions. This indicated that, in the particular stock 
of rats examined, the likelihood of a virus being present in the kid- 
neys was remote as contrasted with the probability that such a virus 
existed in the kidneys of the monkeys as evidenced by the occa- 
sional occurrence of nuclear inclusions in the absence of treatment 
with viosterol. Realizing the importance of accurate controls, es- 
pecially in measuring the parathyroid change, 52 rats were selected 
from our colony on the basis of sex and weight so that 26 of them 
(sexes equally divided) were comparable individually with the re- 
mainder as to sex and weight measured to the gram. Each rat of 
the first group of 26 was given 0.2 cc. of the strong preparation of 
viosterol manufactured by Mead, Johnson Co. (containing 1,000,000 
international units of vitamin D per cc.)+ every other day. But soon 
the dosage was reduced owing to its evident toxicity and, in the case 
of some rats, it was stopped altogether. Whenever a rat died its 
untreated running mate of the same sex, and originally of the same 
weight, was killed and histological preparations were made of para- 
thyroids, kidneys and aorta. Thirty days after the treatment was 
commenced, all the surviving animals with their running mates were 
killed and examined in the same way. The lesions reported in the 
literature as produced in rats by hypervitaminosis D were observed ; 
but parathyroid and renal alterations, comparable to those men- 
tioned in monkeys, were conspicuous by their absence. No similar 
parathyroid basophilic cytoplasmic material was found, even in the 
untreated rats, and no typical nuclear inclusions were observed in 
either group. 

It is evident, therefore, (1) that the normal structure of the para- 
thyroid cells of the rat is quite different from that of the monkey 
and (2) that dosage with viosterol did not excite nuclear inclusion 
formation in the kidneys of the rat—a species in which, in our 
colony, there was no cytological evidence of a virus to begin with. 


2 Rector, L. E., Proc. Soc. Exp. Bion. AND MED. (in press). 
+ Kindly supplied for these experiments by Mead Johnson Co. 
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Experiments on Decalcifying Anticoagulants. 


Joun H. Fercuson, 


From the Department of Physiology and Pharmacology, University of Alabama 
School of Medicine. 


Reagents used.* 1. Prothrombin-free fibrinogen (dog). 2. 
Howell prothrombin. 3. (Calf) brain cephalin (active in 1: 
2,000,000 dilution). 4. M/10 CaCl. 5. M/1 (etc.) potassium 
oxalate and trisodium citrate. Incubations and tests conducted at 
37-38°C. 

Controls. An initial series of tests established the lower limits of 
the calcium optimum in the activation of prothrombin-cephalin mix- 
tures. Incubation of coagulant mixtures for at least 10 minutes 
prior to addition of fibrinogen ensured thrombin of maximal po- 
tency: e. g., 1 cc. of fibrinogen was clotted solidly in a matter of 
seconds by the following: prothrombin, 0.5 cc. +0.1% cephalin, 
0.1 cc. + M/10 CaCl, 0.1 cc. In order to validate the significance 
of the clotting time (C.T.) delay in the accompanying experiments, 
routine controls were run with and without simple dilution (distilled 
water or 0.9% NaCl). The control thrombins retained their po- 
tency with but slight diminution of activity (? metathrombin for- 
mation) over several hours. 

Oxalation (or citration) during thrombin formation and aging. 
A 30-50-fold excess (chemical equivalents) of oxalate (or citrate) : 
added calcium (of the thrombic mixture) entirely prevented the 
formation of thrombin if the anticoagulant was added during the 
first 4-5 minutes of incubation. During the next hour the already 
activated thrombin gave good clots although somewhat delayed by 
the presence of oxalate (or citrate). Older thrombins yielded pro- 
gressively slower and poorer clots in contact with the anticoagulant. 

Effect of increasing concentrations of anticoagulant on thrombin 
of fixed (maximal) potency. Fresh (maximally active) thrombin 
gave correspondingly longer clotting times when added to a series 
of test fibrinogens containing increasing amounts of oxalate or 
citrate. There was a minimum below which the C. T. was identical 
with controls, and a maximum above which the C. T. delay was not 
significantly extended. Indeed, with very great excess, especially in 
the citrate experiments (verified repeatedly), a return of C. T. to 


1 Ferguson, J. H., Am. J. Physiol., 1936 (in press). 
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definitely shorter values was noted. A possible correlation with 
clinical haemostasis by citrate injections is mooted. 

Progressive inactivation of thrombin on incubation with oxalate 
or citrate, After maximal potency had developed (e. g., 10-15 min. 
incubation) the thrombin was divided into two parts, mixed re- 
spectively with (a) 50-100 equivalents of oxalate or citrate, and 
(b) an equal volume of simple diluent, and the incubation continued. 
Tests made at varying intervals ranging from a few seconds to 2 
hours invariably demonstrated (1) an immediate retarding effect 
of the anticoagulant, varying in degree according to the concentra- 
tion of oxalate (or citrate) used and comparable to the findings of 
the foregoing experiments; and (2) a progressive inactivation, re- 
sembling the phenomenon described by Loucks and Scott.” Where- 
as controls still clotted in a minute or two (even after 2 hours), the 
oxalated (or citrated) thrombin could be weakened to give clots 
only after many minutes or hours or (in a few instances) not at all. 
The inhibitory phenomenon was also manifest in the slower comple- 
tion of clotting after its commencement, and certain of the delayed 
clots were flocculent and incomplete. 

Conclusion. It has long been established that thrombin, once 
formed, is active in the presence of excess of oxalate, etc., this being 
the classical experiment in support of the view that ionized calcium 
is not necessary for the clotting process proper (‘‘second phase” of 
Hammarsten). It is less widely appreciated that clotting under 
these conditions is definitely slower than normal. Forty years ago 
Hammarsten® failed to inactivate thrombin by oxalation, and Kastl* 
and Eagle’ have recently confirmed. The divergent findings of 
Loucks and Scott® are supported by the present experiments. Since 
the data appear to be unequivocal, and since their importance in the 
elucidation of the calcium factor in coagulation is obvious, it is im- 
perative that further investigations be made with a view to explain- 
ing the discrepancies in the literature and elucidating further the 
mechanism of action of the so-called “decalcifying” anticoagulants. 

3 Hammarsten, O., Hoppe Seylers Ztschr. f. physiol. Chem., 1896, 22, 333; 
1899, 28, 98. 

4 Kastl, O., Biochem. Ztschr., 1934, 274, 452. 

5 Hagle, H., J. Gen. Physiol., 1935, 18, 531, 547. 
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Physicochemical Mechanisms in Convulsive Reactivity.* 


E. SPIEGEL AND M. Sp1EGEL-ADOLF. 


From the Department of Experimental Neurology and the Department of Colloid 
Chemistry, D. J. McCarthy Foundation, Temple University, School of Medicine, 
Philadelphia. 


Since convulsions may be called forth by a great variety of causes, 
the question presents itself as to whether a common fundamental 
mechanism exists by which the epileptogenous agents act upon the 
nerve cells. According to Nernst, Bethe, and others, excitation is 
due to changes of ion concentration on semi-permeable cell surfaces. 
These changes in ion concentration are supposed to influence the 
nerve cells by increasing the cellular permeability (Hoeber, Lillie). 
One should, therefore, expect that agents which lower the density 
should also increase the excitability. 

In order to study the effect of various epileptogenous agents upon 
the permeability in living animals (cats, rabbits), a method of 
measuring the permeability was employed similar to that used on 
artificial membranes.* 

The conductivity of the part of the brain under study was deter- 
mined by using alternating currents of various frequencies. Due to 
polarization on the cellular surfaces and interfaces the conductivity 
is the lower, the lower frequencies are used. It can be shown on 
artificial membranes that the difference in conductivity at a certain 
high and at a certain low frequency (polarization index Aj) is in- 
creased, if the membranes become more impermeable, and that it 
is diminished, if the permeability is increased. The measurement of 
A can, therefore, be used in order to study the permeability of the 
cellular surface films not only in vitro, but also im vivo, on animals, 
or on patients during operations. A is higher in the grey matter 
than in the white matter of the cerebral hemispheres, indicating the 
part played by the nerve cells in these polarization phenomena. 

A study of the effects of the most important causes of convul- 
sive disorders upon A gave the following results. Anoxemia 


I Se LE ISS aA NS I UI eS er 
* This work was aided by a grant of the American Association for the Ad- 


vancement of Science. ’ 
1Spiegel-Adolf, M., and Spiegel, E., Proc. Soc. Exp. Bion. anD Mup., 1934, 


32, 139. 
+ This difference was always expressed in percentage of the conductivity at 


the lower frequency. 
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(asphyxia) increases the cellular permeability in the cerebral hem- 
ispheres as well as in the subcortical ganglia. Anemia, as produced 
by ligature of the cerebral arteries, diminishes the conductivity. In 
the majority of the experiments an initial drop of A was also ob- 
served; when the anemia is continued for several minutes, the curve 
of A may again rise, probably due to coagulation necrosis of a 
number of cells. Increase of intracranial pressure also lowers the 
conductivity ; this is associated in the majority of the experiments 
with a drop of A. Increase in the state of hydration (e. g., by in- 
travenous injection of distilled water or by artificial alcalosis) in- 
creases the permeability, independently of changes in conductivity. 
This effect is still observed if an increase in intracranial pressure is 
prevented by trephining the cranium. While alcalosis is accom- 
panied by increase in permeability, acidosis has only a slight effect 
upon A. Hyperventilation acts in a similar way, as does alcalosis. 
These effects are reversible. Anesthetics and hypnotics, such as 
ether, chloroform, dial, have the opposite effect; they increase A, 
indicating an increase in density of the cellular films. 

The inference is drawn from these experiments that epilepto- 
genous agents may act upon the nervous system by either of the 
following mechanisms (or by both): 1st. Production of a change 
in ion concentration on the surfaces of the nerve cells (as for in- 
stance by injection of acids). If the change in concentration reaches 
the threshold, excitation (convulsion) results. 

2nd. Diminution of the density of the cellular surface films (as 
observed in anoxemia, hydration, alcalosis). The increase in per- 
meability of the cell surface that is an important part of the excita- 
tion process is facilitated, and the threshold of the cells for metabolic 
or other stimuli is lowered, the convulsive reactivity is increased. 
Thus the problem of convulsive reactivity is only part of the more 
general problem of relationship between excitability and permeabil- 
ity of cellular surface films. 
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Resistance of Thyroparathyroidectomized Rats to Growth of 
a Spindle-Cell Sarcoma. 


F,. A. McJunxin, R. D. TEMPLETON AND F. G. Kravec. 


From the Departments of Pathology and Physiology, Loyola University School 
of Medicine. 


The published reports on the effect of thyroidectomy on neoplas- 
tic growth present divergent opinions. Rohdenburg, Bullock and 
Johnston’ in a series of 29 thyroidectomized rats found at 40 days 
after inoculation with Flexner-Jobling carcinoma 52% of “cures” 
against only 16% of regressions in the control group. Recently 
Bischoff and Maxwell’ inoculated 13 thyroparathyroidectomized 
rats with rat carcinoma 256. Based on a comparison with 16 in- 
oculated litter-mate controls they observed “‘no significant difference 
in percentage of takes, rate of tumor growth, or final mortality”. 
Our tumor, a sarcoma, which arose spontaneously in a rat uterus 
has been transplanted during the past three years into more than 
1000 rats. Successfully inoculated tumors in normal rats have not 
been seen to regress. This is mentioned to indicate that a spon- 
taneous regression of this tumor, if it does occur, is uncommon. 
The operation consists of complete ablation of thyroid and parathy- 
roid glands. All rats were from our colony of Wistar Institute 
albino stock. All individuals of the litters, or groups, were inocu- 
lated bilaterally into groin pockets from the same tumor and at 
the same time. 

In Table I where the tabulation is by litters the 4 longest post- 
thyroidectomy ones (1, 2, 3, 4) are placed first. Of the 18 success- 
ful takes in this group 14 completely regressed. This high per- 
centage (77%) of regressions in a group where the shortest post- 
thyroidectomy period was 112 days is in contrast with 25% of 
regressions in all successfully inoculated remaining rats with shorter 
post-operative periods. In both groups it is seen that a first inocu- 
lation may fail and a second one succeed. This is true also for nor- 
mal control animals, and sometimes may result from the accidental 
introduction of bacteria into the pocket. In the rats with relatively 
short post-thyroidectomy periods there is an usual tendency for the 
second inoculation tumors to regress. This may be explained in 


1 Rohdenburg, G. L., Bullock, F. D., and Johnston, P. J., Arch. Int. Med., 


1911, 7, 491. 
2 Bischoff, F., and Maxwell, L. C., J. Pharm. and Hap. Therap., 1932, 46, 51. 
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TABLE I. * 
e — thyro- 
parathyroid- Result of 
ectomized No. of 2nd inocu- 
Litter rats Age at Age at regressions lation 
or Ge oper- inocu- No. of takes of Ist (when 
group litter-mate ation, lation, onilst inoculation Ist did 
No. controls days* days inoculation tumors not take) 
1 5e 27 150 5e 5e 
2 5e 27 180 5e 5e 
3 6e 38 (41) 150 0 0 4T, 3R 
4 6e 60 (3) 257 3e 0 1T, 1R 
5 4e, 5¢ 70 71 7 (2e, 5¢) 0 
6 5e 95 96 5e 0 
7 10e 100 (3L) 105 6e 0 1T, 1R 
8 6e 105 (4L) 106 6e 0 
9 10¢ 110 6e 0 
10 4e 33 (1L) 87 3e 0 
11 17e, 4¢ 26 (5L) 72 9 (5e, 4c) 0 9eT, OR 
12 6e, le 24 (11) 74 6 (5e, 1c) 0 
13 8e 31 (5L) 85 3e 0 4T, 4R 
14 15e 27 (6L) 36 lle 4e 0 
15 8e 27 (4L) 71 4e le 1T, OR 
16 6e 25 (1L) 107 5e 0 
17 lle 100 (5L) 102 lle le 0 
18 9e 100 (5L) 104 8e 0 
19 13e 18 (4L) 98 5e 5e 
20 12¢ (41) 24 12¢ 0 
21 8e Adult 8e 0 


*Averages but in no group is there more than a 10-day variation in age. 
L indicates number of litters represented in the groups. 

T indicates takes. 

R indicates regressions, 


whole or in part by the fact that an average of 20 days has been 
added to the thyroidectomy-inoculation period. Altogether 21 
litters (or groups) consisting of 184 rats were used. There were 
117 takes in the thyroidectomized rats with 39 complete regressions. 
There were 40 controls with 36 takes and no regressions. Special em- 
phasis has been placed on the regression of well-established tumors 
because this phenomenon appears to represent a condition of max- 
imum resistance to tumor growth. There is, however, evidence of 
retarded tumor growth in those thyroparathyroidectomized rats that 
showed no regression but merely a slowed rate of growth. Thus on 
the 21st post-inoculation day the average tumor diameter was 27.8 
mm. in 13 non-regression thyroidectomized rats against 33 mm. in 
9 littermate controls. Measurements on 7, 14, 28 and 35th post- 
inoculation days likewise showed larger tumors in the controls. To 
establish that a regression had taken place it was required that the 
inoculated tumor progressively reach a size of 10-15 mm. before 
starting to shrink. Biopsy snippings examined microscopically from 
30 such tumors in the thyroidectomized rats have shown sarcoma 
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without exception. The regressions were almost always complete 
by the end of the third post-inoculation week and were usually ac- 
complished without ulceration, but in a few there was adherence 
to the skin and ulceration. In the biopsy specimens of regressing 
tumors the necrosis was often widespread and much greater than 
that seen in tumors of like size in control animals. The controls 
have been followed until the animals died or until the tumors became 
huge ulcerated growths. 

Greatest resistance to tumor growth as manifested by complete 
regression is seen best when all tissues including the endocrine sys- 
tem have been adjusted to the thyroid-free state. Judging by in- 
hibiting effect on tumor growth the best way to arrive at the thyroid- 
free state is to operate at weaning time. The time element may 
explain the difference in results obtained by Rohdenburg and co- 
workers and by Bischoff and Maxwell. There is considerable evi- 
dence that hypophysectomy retards tumor growth. Ball and Sam- 
uels* from observations on the growth of sarcoma produced by 1, 2, 
5, 6 dibenzanthracene in hypophysectomized rats believe that the 
retardation of tumor growth is dependent upon the absence of the 
beneficial direct effect of pituitary secretion. Our experimental data 
as now developed suggest the possibility that the lag in tumor growth 
in rats from which the pituitary has been removed may be a sec- 
ondary effect resulting from the absence of thyrotropic substance 
of pituitary origin. After both hypophysectomy and thyroidec- 
tomy growth of the animal is retarded and in both instances the 
question arises as to the effect of a diminished somatic growth on 
the inoculated tumor. McEwen and Thomson,* who disagree with 
the conclusion of Ball and Samuels found that the retardation of 
tumor growth was about the same in hypophysectomized rats and 
in rats on a semistarvation diet. They made the further observation 
that malnutrition is not a cause of tumor regression. Working 
with a Walker tumor that rarely regresses they found 1 regression 
in 23 control rats but none in 23 rats on a semistarvation diet. 
Bischoff, Maxwell and Ullmann® have retarded body growth by 
starvation and by poisoning with synthalin and heavy metals with 
no effect on tumor growth. Rous® found that the Flexner-Jobling 
rat carcinoma grew with equal rapidity in hosts emaciated by a re- 
stricted diet and in controls. In a series of young rats (not tab- 


3 Ball, H. A., and Samuels, L. T., Am. J. Cancer, 1936, 26, 547. 

4 McEwen, C. S., and Thomson, D. L., Brit. J. Exp. Path., 1938, 14, 384. 

5 Bischoff, F., Maxwell, L. C., and Ullmann, H. J., Science, 1931, 74, 16. 
6 Rous, P., J. Exp. Med., 1914, 20, 433. 
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ulated) in which the body weights have been held constant by heavy 
feeding with desiccated thyroid we found that our sarcoma in all 
rats increased in size until the animals died. 

In our entire series of thyroparathyroidectomized rats inocu- 
lated with a spindle-cell sarcoma the tumors completely regressed 
in 33.3%. In controls none regressed. 
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Gonadotropic Excretion in the Male Castrate. Effect of the 
Male Sex Hormones. 


Ropert T. FRANK AND U. J. SALMON.* 
From the Laboratories of the Mount Sinai Hospital, New York City. 


Our studies on female castrates showed a great increase in gonad- 
otropic hormone excretion in the urine." Two male castrates have 
now been investigated. In both patients bilateral orchidectomy had 
been performed for tuberculous epididymitis. In the first patient 
(L.D.) castration was performed 5 years ago, in the second (L.S.) 
8 years ago. In the lst patient, within 1 week of the operation, 
severe flushes and sweats occurred and have persisted. The 2nd 
has suffered from no symptoms. 

Gonadotropic hormone urine determinations by the acetone pre- 
cipitation method? were performed on L.D. for a preliminary period 
of 22 days. Both follicle stimulating and luteinizing factors were 
found in the urine. The daily output of follicle stimulating factor 
varied from 4 to 18 rat units per day; of lutein factor from 4 to7% 
rat units per day. In the second patient, 5 random 48-hour urine 
specimens were examined. The daily output of lutein factor varied 
from 4 to 8 R.U. The gonadotropic hormone effects produced in 
the test rats by the urine of these male castrates differed in no way 
from the effects obtained from the urine of female castrates. 

In female castrates the administration of 20,000 to 25,000 R.U. 
of Progynon B regularly produced prompt disappearance of the 

* Hiram N. Vineberg Fellow in Gynecology. 

1¥Frank, R. T., Salmon, U. J., and Friedman, R., Proc. Soc. Exp. Bion. AND 
Mezp., 1935, 32, 1666. 

2 Frank, R. T., and Salmon, U. J., Proc. Soc. Exp. Biot. AND MEp., 1935, 
88, 311. 
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gonadotropic hormone excretion from the urine with full, temporary 


relief of symptoms.” In the male castrate, L.D., 25,000 R.U. of 
Progynon B afforded no relief. 
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Fig. 1. 
Graph of Gonadotropic Factors Excreted by a Male Castrate. 

Observation period 112 days. 

And. = Androsterone (20 mg.) 

Dihydro-B = Dihydro-androsterone Benzoate (25 mg.) (500 capon units). 

Testos. — Testosterone (115 mg.) 

Several months later, L.D. was given intramuscular injections 
of Androsterone, Dihydro-androsterone Benzoate and later Tes- 
tosterone over periods and in amounts noted on the accompany- 
ing graph. These substances were obtained through the kind co- 
operation of Dr. E. Schwenk and Dr. Gregory Stragnell of the 
Schering Corporation of New Jersey. No appreciable diminution 
of the gonadotropic hormone excretion was noted and only very 
slight improvement in the flushes was reported by the patient during 
the course of injection. 
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Sympathetic Denervation upon Peristalsis of the Cat Small 
Intestine in Situ. 


W. Burcess SEALY AND S. L. WitcHeErR. (Introduced by W. T. 
Dawson. ) 


From the Department of Anatomy, University of Texas, School of Medicine, 
Galveston. 


We have not found in the literature any reported measurements 
of the effect of sympathetic denervation upon motility of the small 
intestine im situ. 

In the present work 9 cats were used. The cats were kept on 
the same adequate diet throughout the period of observation. After 
the cats had been under observation for at least 10 days, they were 
etherized, a No. 14 F. rubber catheter passed down into the stomach, 
and 20 cc. of a mixture of 1 part barium sulphate to 2 parts water 
introduced. In about 5 minutes the cats were usually wide awake. 
The movements of the alimentary canal were then studied under a 
fluoroscope and the barium followed until the head of the column 
reached the caecum. This end point was usually easily deter- 
mined. A total of 15 preoperative control readings was made on 
the 9 cats. Two of these cats died of respiratory infections prior 
to operation, and 1 did not recover from the later operative pro- 
cedure. In the remaining 6 the lumbar sympathetic chains were 
successfully removed, and the splanchnic nerves sectioned below the 
diaphragm, which necessarily also removed the sympathetic in- 
nervation of the adrenals. The operation was completed in one 
stage in 3 cats, in 2 stages in 3 cats. Following complete recovery 
the motility of the small intestine was again studied in the manner 
described. The results are shown in Table I. The probability 
(Pt) of observed differences in results in Table II being due to 
chance has been calculated by Fisher’s method.* 

It will be noted that the results were obtained upon cats with 
some degree of sympathetic stimulation due to (1) brief etheriza- 
tion, (2) excitement. The stimulating effect of ether upon the 
sympathetic innervation of the small intestine appears to be limited, 
however, to the period of inhalation.” Since no attempt to “train” 
the cats to handling for the fluoroscopic observations was made it 


1 Fisher, Statistical Methods for Research Workers, Section 24.1, 4th Ed., 
1932, Oliver and Boyd. 
2 Bhatia and Burn, J. Physiol., 1933, 78, 257. 
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TABLE I.* 
Cat No. 1 2 3 be0S 6 7 8 ot 
Before 125(67) 145(42) 117(65) 132 130 120(40) 120 111(50) 215(50) 


105(58) 148(33) 120 125 123(18) 120(18) 
After 72(10) 70(14) 60(10) 67 (14) 67(12) 67(12) 
69(14) 71(23) 64(14) 70(23) 71(14) 68(14) 


*Time in minutes for barium introduced in stomach to reach the caecum. 
Figures in parenthesis indicate No. of days before or after operation. 
tCat 9 on first control reading was extremely excited. 


TABLE II. 
Mean of 
observa- ‘ Standard 
No. of No. observa- tions Standard deviation 
eats tions Minutes deviation of mean Pe 
Before 9 15 130 26.0 6.7 
After operation 6 12 68 3.4 98 <.01 


is considered that the grades of excitement and consequent actual or 
abortive sympathetic inhibition were approximately the same in the 
animals before and after operation. The removal of the sympa- 
thetic innervation of the adrenals tends to prevent increased epine- 
phrine output from excitement, and resultant hormonal intestinal 
inhibition. 

Conclusion. Sympathetic denervation of the small intestine and 
adrenals of the cat reduces the average time for barium sulphate 
suspension to reach the caecum from the stomach to about 52%. The 
difference observed appears statistically significant. 
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Influence of Magnesium Oxide on Antipyretic Action and 
Toxicity of Acetylsalicylic Acid in Rabbits. 


Davin R. Crimenxko. (Introduced by Eric Ponder.) 
From the Biological Laboratory, Cold Spring Harbor, N. Y. 


Issekutz,? ? and Barbour and his coworkers®** have shown that 


1 Issekutz, B., Therap. Monatschr., 1915, 39, 379. 

2Issekutz, B., Arch. f. ges. Physiol., 1913, 151, 456. 

3 Winter, J. E., and Barbour, H. G., Proc. Soc. Exp. Bron. AnD Mep., 1928, 
25, 587. 

4 Barbour, H. G., and Winter, J. E., J. Pharm. Exp. Therap., 1929, 35, 425. 

5 Barbour, H. G., and Winter, J. E., Proc. Soc. Exp. Bion. anp Mep., 1928, 
25, 582. 

6 Winter, J. E., Richey, C. H., and Barbour, H. G., J. Pharm. Hap. Therap., 
1930, 38, 3. : 
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the simultaneous administration of magnesium compounds together 
with certain depressant drugs, produces a depressant action which 
is considerably greater than that which results from the adminis- 
tration of either one of these substances. Meltzer and his co- 
workers” * have shown that this is primarily a central, rather than 
peripheral action, and have demonstrated that the narcotic action 
of ether may be enhanced by the simultaneous administration of 
magnesium sulphate. 

It is the purpose of this investigation to examine critically some 
of these statements because of their importance both from the utili- 
tarian therapeutic point of view and from the theoretical point of 
view in elucidating the phenomenon of potentiation or synergism. 

In dealing with such a problem, a mensurable, objective reac- 
tion which will serve as a criterion of the depressant activity is of 
primary importance. Also, the experimental work should cover a 
sufficiently large group of animals to allow for a statistical analysis 
of the results. This was carried out in the present investigation by 
measuring the antipyretic action of a given dose of acetylsalicylic 
acid, magnesium oxide, and of combinations of the two. 

The experimental work was divided into a series of 23 experi- 
ments, using 3 groups of animals with 4 or 5 animals in each group, 
the total number of animals being 266. The experimental animals 
were all normal, healthy adult rabbits of both sexes, in which py- 
rexia was induced by the intravenous injection of 0.1 cc./kg. body 
weight of a Typhoid Toxin.* The body temperature was taken at 
3 different intervals over a period of 2 hours prior to any experimen- 
tal interference in order to establish a normal level for each animal. 
Immediately after the intravenous injection of the typhoid toxin, 
a stomach tube was passed and a suspension of the antipyretic drug 
in water was administered; in the case of the control animals the 
same quantity of water was passed into the stomach as was used 
for the suspension of the drug in the experimental animals. The 
body temperatures were taken at regular intervals for a period of 
4 to 6 hours after this experimental interference. During this 
period, when observations were being made, the animals were im- 
mobilized by placing them in small, open boxes in such a manner 


7 Meltzer, S., and Auer, J., Am. J. Physiol., 1905, 15. 
8 Meltzer, S. J., Med. Rec., 1905, Dec. 16. 
* Typhoid Toxin: 1 ce. represents: 

B. typhosus 1000 million 

B. paratyphosus A VOOM rae 

B. paratyphosus B 750 Py 
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as to minimize the effect of extraneous temperature changes which 
took place around them. Body temperatures were taken with a 
large bulb, chemical thermometer reading to 0.1°C., the bulb being 
left in the rectum until the column of mercury reached a maximum; 
this usually required about 2 minutes. 
Figures 1 and 2 show the antipyretic action of the following 
agents compared against the pyrexia of the control animals: 
a) acetylsalicylic acid (50 mg./kg.)—-(each point represents the average 
of 46 animals). 
b) magnesium oxide (50 mg./kg.)—(each point represents the average 
of 46 animals). 
¢) acetylsalicylic acid (100 mg./kg.)—(each point represents the average 
of 57 animals). 
d) acetylsalicylic acid (50 mg./kg.) plus magnesium oxide (50 mg./kg.) 
—/(each point represents the average of 59 animals). 
e) control—(each point represents the average of 58 animals). 


A statistical analysis of these results is given in Table I. 

It becomes obvious from an examination of these results that 
the oral administration of 50 mg./kg. of acetylsalicylic acid or 
magnesium oxide has practically no antipyretic action, but that 
the antipyretic action of the combination of these 2 is as great as 
the antipyretic effect produced by a dose of 100 mg./kg. of acetyl- 
salicylic acid. 


Ga: 
4/ 


40 


Legend: 
Oo— 0 Control 
O— 0 Magnesium Oxide (50 mgm/kg ) 


wd o—§e Keetylsahceylic Acid (50 mgm ft} 
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Typhoid Toxin 


0 0 30 60 90 120 150 180 20 240 min. 
Fig. 1. 
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Legend: 
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——- fAcetylsalcylic Acid (100 mg/kg) 
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Fig. 2. 


The oral toxicity of acetylsalicylic acid and of a mixture of equal 
parts by weight of acetylsalicylic acid and magnesium oxide is given 
in Table II. An examination of these results shows that the tox- 
icity of acetylsalicylic acid is not influenced by the magnesium oxide. 

TABLE II. 


Toxicity (Oral) of Acetylsalicylic Acid and of Acetylsalicylic Acid Plus Mag- 
nesium Oxide. 


Acetylsalicylic Acid (50%) 


Acetylsalicylic Acid + MgO (50%) 
Dose, Total No. Total No. 
mg./kg. of animals Died Recovered of animals Died Recovered 

200 5 0 5 5 0 5 

400 5 0 5 5 0 5 

750 5 1 4 D 0 5 
1000 10 5 5 10 1 9 
1200 5 2 3 5 2 3 
1500 10 8 2 5 2 3 
1700 —_— — — 5 1 4 
2000 10 10 0 5 il 4 
2500 — — — 10 3 7 
3000 — — — 10 8 2 

Total 50 65 


Conclusions. 1. Quantities of acetylsalicylic acid and magnesium 
oxide, which have no antipyretic action when administered sepa- 
rately, have a marked antipyretic action when administered together. 
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2. The toxicity of acetylsalicylic acid is tot influenced by the simul- 
taneous administration of magnesium oxide. 3. The toxicity of a 
mixture of 50% magnesium oxide and 50% of acetylsalicylic acid 
is half as great as the toxicity of the amount of acetylsalicylic acid 
which is required to produce the same therapeutic effect. 


8804 C 


Incidence of Hemolytic Streptococci and Pneumococci in the 
Pharyngeal Flora of Normal Rhesus Monkeys. 


BEATRICE CARRIER SEEGAL, GEORGE HELLER AND JACOB 
JABLONOWITZ. 


From the Department of Bacteriology, College of Physicians and Surgeons, 
Columbia University, New York. 


The normal bacteriologic flora of the pharynx of chimpanzees 
has been described by Dochez, Shibley and Mills* in connection with 
their experiments on the transmission of the common cold. The 
bacteria occurring in the throats of apes were similar, for the most 
part, to those found in human throats, although the percentile inci- 
dence varied for some organisms. Apparently, no such complete 
study of the pharyngeal flora of lower primates has been reported. 
The few reports of throat-cultures in the monkey are primarily 
concerned with the presence of C. diphtherie in the nasopharynx. 
Dold and Weigmann,’ and Ramon and Erber® found diphtheria-like 
organisms in some monkeys, but Jungeblut* in 50 normal rhesus 
monkeys found no C. diphtherie. Dold and Weigmann reported 
the presence of staphylococci and streptococci but did not specify the 
reaction of these organisms in blood-media. 

During studies of experimentally induced, hemolytic streptococcal 
infection of rhesus monkeys, a survey of the incidence of hemolytic 
streptococci in the normal throats of 49 animals* was undertaken. 
The cultures were taken during the 2nd week of January, 1936, and 
within 9 days of receiving the animals in the laboratory from the 
dealer. A swab was rubbed firmly over the faucial surface, streaked 


1 Dochez, A. R., Shibley, G. 8., and Mills, K. C., J. Hap. Med., 1936, 52, 701. 
2 Dold, H., and Weigmann, F., Zeitsch. f. Hyg., 1934, 116, 154. 

3 Ramon, G., and Erber, B., Revue D’Immunologie, 1935, Sept., 415. 

4 Jungeblut, C. W., J. Imm., 1934, 27, 17. 

* These monkeys were made available through the courtesy of Dr. Jungeblut. 
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on sheep-blood agar, and after 24 hours’ incubation, the plates were 
searched for hemolytic colonies. 

From 28 of the 49 cultures a B-streptococcus® was isolated. On 
one plate a minute streptococcus of the type described by Bliss and 
Long®* was also isolated. These organisms were tested for produc- 
tion of a soluble hemolysin, lysis of human and rhesus plasma-clot 
(Tillett and Garner?) and fermentation of lactose, mannite, and 
salicin. The antigenic group to which the organisms belonged was 
determined by the method of Lancefield.* Six of the strains were 
tested for the production of a toxin reactive in the skin of silver-fox 
rabbits. 

The results of these tests are summarized in Table I: 19 of the 
strains fell in Group A, 4 in Group C, 5 in Group G, and 1, the 
minute streptococcus in Group F. 

All Group A organisms were Streptococcus pyogenes by Hol- 
man’s classification.? The diameter of hemolysis in rabbit-blood 
agar} pour-plates was 2.5mm. A soluble hemolysin active against 
rabbit red blood cells was produced and a fibrinolysin which dis- 
solved human-plasma clot within 344 hours. The lysis of monkey- 
plasma clot required a longer time, for it was complete within 6 
hours of initial observation in the case of only 3 strains. Seven of 
the strains produced complete lysis within 22 hours, another 7 were 
partially lytic in 24 hours, and 2 produced no lysis in 24 hours. A 
toxin active in the skin of silver-fox rabbits was formed by all the 
6 strains tested. 

The 4 strains of hemolytic streptococci belonging to Group C re- 
sembled the organisms of Group A in sugar-fermentations and elab- 
oration of a soluble hemolysin and fibrinolysin. The diameter of 
hemolysis in pour-plates was 4 mm. 

One of the 5 strains of hemolytic streptococci belonging to Group 
G was pyogenes and the other 4 were fermentatively equi. The 
diameter of colonial hemolysis in a rabbit-blood pour-plate was 4 mm. 
Their fibrinolytic and hemolytic activity was similar to that of the 
members of Groups A and C. 

The streptococcus of Group F, equi, produced the characteristic- 
ally small area of hemolysis in pour-plates with an almost micro- 

5 Brown, J. H., Mono. Rockefeller Inst. Med. Res., 1919, 9. 

6 Bliss, E. A., and Long, P. H., J. Bact., 1934, $7, 105. 

7 Tillett, W. S., and Garner, R. L., J. Exp. Med., 1933, 58, 485. 

8 Lancefield, R., J. Hap. Med., 1933, 57, 571. 

9 Holman, W. L., J. Med. Res., 1916, 34, 377. 

+ This medium contained 1% neopeptone. 
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scopic rosette colony. No soluble hemolysin or fibrinolysin was 
formed. 

Of the colonies on the original plates a large number resembled 
pneumococcal colonies. Typable pneumococci were isolated from 33 
of the 49 cultures: 3 type III, 9 type IV, 1 type V, 15 type VII, 1 
type VIII, 3 type XIX, and 1 type XXXII. A rough pneumococ- 
cus agglutinating in all antipneumococcal sera was obtained from 
2 cultures and a third culture yielded a pneumococcus which failed 
to agglutinate in any of the 32 type-sera. 

A single throat-culture from a group of 49 normal rhesus mon- 
keys yielded hemolytic streptococci in 29 and type-specific pneumo- 
cocci in 33 cases. Nineteen of the 29 hemolytic streptococci be- 
longed to human Group A, 4 to Group C, 5 to Group G, and 1 to 
Group F. The pneumococci belonged to types III, IV, V, VII, 
VIII, XTX, and XXXII, with types IV and VII predominating. 
These organisms were present in considerable numbers. Some of 
the plates contained as many as 50 isolated hemolytic colonies and 
the pneumococci also were well represented. 

It is noteworthy that hemolytic streptococci isolated from the 
throats of monkeys are better able to lyze human than monkey- 
plasma clot. In this respect they are similar to the human micro- 
organisms studied by Van Deventer and Reich.*° It is also to be 
noted that the representatives of Groups C and G were fibrino- 
lytically similar to Group A. These findings diverge from those of 
Madison," who found that hemolytic streptococci isolated from 
diseases of animals were usually specifically lytic for their clotted 
plasma and suggested that the fibrinolysis of human plasma was 
associated specifically with Group A streptococci. Tillett’? also 
reported that of 21 Group C organisms tested, only one was fibrino- 
lytic for human plasma. Hare,’* on the other hand, found all of 15 
Group C and 9 of 13 Group G cocci fibrinolytic for human plasma ; 
this agrees with the results obtained with our strains from monkeys. 
Possibly the interval between isolation and testing for fibrinolysis 
accounts for these differences, and the host from which the Group 
C and G organisms were obtained may influence the results also. 

The animals studied had been in captivity for some time and it is 
therefore possible that they had acquired the hemolytic streptococci 


10 Van Deventer, J. K., and Reich, T., Proc. Soc. Exp. Biot. and Mzp., 1933, 
31, 821. 

11 Madison, R. R., Proc. Soc. Exp. Bion. AND Mmp., 1934, 32, 444, 49. 

12 Tillett, W. S., J. Bact., 1935, 29, 111. 

13 Hare, R., J. Path. and Bact., 1935, 41, 499. 
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and pneumococci from their human contacts. Irrespective of the 
source of these organisms, it is apparent from their numbers that 
they found a favorable environment in the pharynx of the mon- 
keys. Occasional hemolytic streptococcal infections have occurred 
in handlers of monkeys and the findings suggest that the rhesus 
monkey may transmit the Group A organism to man. 

We wish to express our thanks to Miss M. Olmstead of the De- 
partment of Medicine who helped us with the Lancefield grouping. 
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Action of the Lytic Principle of Pneumococcus on Certain Tissue 
Polysaccharides. 


Kar_ Meyer, RENE Dusos AND ExizAseTH M. SmyTH. 
From the Department of Ophthalmology, College of Physicians and Surgeons; the 
Institute of Ophthalmology, Presbyterian Hospital, and the Hospital of the 

Rockefeller Institute, New York. 


Avery and Cullen’ obtained from both rough and smooth pneumo- 
cocci a ferment capable of lysing heat-killed pneumococci. In un- 
published experiments (Dubos) it was found that the same ferment 
preparation renders ineffective in rabbits the capsular type specific 
antigen of killed cells of virulent pneumococci. 

A hydrolytic action of the ferment preparation of pneumococcus 
on two tissue polysaccharides is described here. This action seems 
to be identical with that of the same ferment on the pneumococci. 

From bovine vitreous humor and from human umbilical cord 
two polysaccharides have been obtained in pure form, seemingly 
identical in composition, rotation, and general physical behavior.” 
They are composed of acetylglucosamine and glucuronic acid, the 
components having been shown to be present in equimolar ratio by 
isolation or quantitative analysis. 

The 2 polysaccharide acids yielded reducing sugar following 
hydrolysis by the ferment obtained from pneumococcus autoly- 
sates. The hydrolysis is optimal between pH 5 and 6, and does not 
take place above pH 8 nor below pH 4.5. The action of the ferment 
on killed pneumococci has about the same pH optimum. The action 
on both the pneumococci and the 2 polysaccharide acids is abolished 


1 Avery, O. T., and Cullen, G. E., J. Hap, Med., 1923, 38, 199. 
2 Meyer, Karl, and Palmer, John W., J. Biol. Chem. (in press). 
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Solid lines represent experiment I; broken lines, experiment II. Numbers 
denote concentration of ferment solution: 1, 0.05%; 2, 0.10%; 3, 0.50%; 
4, 1.00%. 
by heating the ferment or by treating it with iodine. The iodine 
inactivation is reversed by sulfite and to a lesser degree by arsenite, 
as measured by the polysaccharide hydrolysis. 

Further evidence that the same principle is active against the 
2 tissue polysaccharides and the pneumococci is found in the fol- 
lowing inhibition reaction: 2.0 cc. of a 0.1 percent pneumococcus 
ferment solution in phosphate buffer at pH 6.0 were incubated for 
6 hours with 10 mg. of polysaccharide (vitreous and umbilical 
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cord). When tested against a suspension of heat-killed pneumococci 
at the end of the incubation period, the ferment was found to have 
lost at least 90% of its lytic activity. The control ferment solution 
also incubated at pH 6.0 for the same length of time in the absence 
of the polysaccharide retained all its activity. 

The enzymatic hydrolysis of the polysaccharide yields about 70% 
of the theoretical amount of reducing sugar. The reaction appears 
specific, since commercial trypsin, saliva, taka-diastase and emulsin 
do not hydrolyze the carbohydrates. The pneumococcus ferment, 
on the other hand, is without action on chondroitin sulfuric acid 
or on a polysaccharide isolated from gastric mucin’ containing 
acetylglucosamine and galactose. 

So far the only other source of an enzyme capable of hydrolyzing 
the two polysaccharides is a tissue hash from rabbit iris and ciliary 
body. Since aqueous humor also contains the polysaccharide acid,’ 
it is probable that the ferment plays a role in the fluid exchange of 
the eye. 

Typical results of the hydrolysis of the polysaccharides by the 
pneumococcus enzyme are shown in the text figure. Ten mg. 
amounts of the acids in 1.0 cc. of citrate buffer, pH 6.0, were in- 
cubated with 1.0 cc. of respectively 0.05, 0.1, 0.5, and 1.0 percent 
solutions of pneumococcus ferment. Two drops of toluene were 
added. As controls the same concentration of the acids were incu- 
bated with 1.0 cc. of saline and 1.0 cc. of citrate buffer with 1.0 cc. 
of ferment. Reducing sugar was estimated on aliquot portions of 
the mixture by the Hagedorn-Jensen method. The control values 
were subtracted. 
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Attempt to Produce Atherosclerosis in Chickens by Feeding 
Cholesterol.* 


H. D. Kersten, D. R. MEEKER AND J. W. JoBLING. 


From the Department of Pathology, College of Physicians and Surgeons, 
Columbia University, New York City. 


In view of the inability of various workers throughout the world 


3 Meyer, Karl, Palmer, John W., and Smyth, Elizabeth M. (unpublished ex- 
periments). 

4 Meyer, Karl, and Palmer, John W., Am. J. Ophthal. (in press). 

* This investigation has been aided by a grant from the Josiah Macy, Jr., 
Foundation. 
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to produce experimental arteriosclerosis comparable in pathogenesis 
and pathology to that occurring in man, other animals besides the 
commonly used rabbit have been under investigation in this labora- 
tory. One of these is the chicken, accustomed to ingesting and 
excreting cholesterol, in contrast to the rabbit, which is herbivorous. 
This report covers an attempt to produce atherosclerosis in chickens 
by the administration of cholesterol in large amounts. 

Duff,’ in a recent review of experimental cholesterol arteriosclero- 
sis, found insufficient evidence that cholesterol feeding affects the 
arteries of chickens. Yamaguchi* has reported the occurrence of 
atherosclerosis in the aorta of chickens fed egg yolk or lanolin over 
long periods, and Uchiyama? believed that the aortic intimal changes 
observed following cholesterol feeding were more advanced, than in 
control chickens, but emphasis remains on the frequent spontaneous 
occurrence of lipid-containing fibrous lesions in the intima and inner 
media of the aorta of relatively old chickens. Younger birds, in 
which spontaneous vascular lesions presumably should be relatively 
infrequent, have not been used for this type of experiment. 

Further support of Uchiyama’s conclusions, however, was ob- 
tained when cholesterol was fed to 17 five-months-old White Leg- 
horn roosters. Nine of the 14 were fed daily for 1% to 4 months 
0.3 gm. of cholesterol attached to scratch corn by dissolving in ether 
and a little olive oil, and stirring with the grain until the ether had 
completely evaporated. (The basic diet of this group consisted of 
mixed scratch grain and oats and was cholesterol free). The re- 
mainder received 0.8 gm. or 1.6 gm. doses of cholesterol mixed with 
olive oil and administered by capsule 4 times a week tor 2% to 3 
months. (The diet of these chickens was composed of scratch grain 
and egg mash, the latter adding approximately 0.03 gm. of choles- 
terol to the daily intake. This diet was used for the second group 
of chickens because of the difficulty experienced in keeping the first 
group in good condition in the laboratory on a grain diet alone). 
An elevation of serum cholesterol (up to 300 mg. per 100 cc.; 
normal: 80-160) was produced in only % of the fowls, indicating 
inadequate absorption, or, more probably, the ability of the omnivore 
to metabolize cholesterol. Seven of the 14 roosters, when killed at 
the end of the feeding period, had small yellow longitudinal plaques 

1 Duff, G. L., Arch. Path., 1935, 20, 81 and 259. 

2 Yamaguchi, M., Hokuetsu Igakukwai Zasshi, 1922, $7, quoted by Kawamura, 
R., Neue Beitrage zur Morphologie und Physiologie der Cholesterinsteatose, Jena, 


Gustav Fischer, 1927. 
3 Uchiyama, T., Virch. Arch. f. Path. Anat., 1930, 277, 642. 
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or streaks in the abdominal or muscular, portion of the aorta, con- 
sisting of intimal fibrosis and thickening, with infiltration of the 
thickened intima by fine and coarse droplets of lipid, which was in 
part doubly refractive. Some of this fat was within large mono- 
nuclear phagocytes. There were also more or less fan-shaped radi- 
ating deposits of similar lipid extending outward in the media 
beneath the intimal lesions with occasional interruption of the inter- 
nal elastic lamella (Fig. 1). When these deposits were extensive a 


Fig. 1. 


Aorta of rooster fed cholesterol, showing intimal sclerosis; also lipid in intima 
(I) and underlying media (M). 


few muscle cells had been replaced by the accompanying fibrous 
tissue. In 3 other chickens grossly invisible patches of fibrosis of 
the intima without stainable fat were noted in sections. There was 
no correlation between the arteriosclerotic change and the blood 
cholesterol concentration, but somewhat less lipid was noted in the 
aortas of the birds treated only 114 months. Gross lesions were 
absent from the hearts of all birds. 

Twenty-five control roosters of the same age were kept on the 
same standard laboratory diets (9 received the cholesterol free diet, 
16 that containing egg mash) but were fed no additional cholesterol. 
Areas of intimal fibrosis were present in the abdominal aorta of 14 
and these were accompanied by lipid deposits in 9 (Fig. 2). Fat 
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Fig. 2. 
Same in control chicken. (Combined Weigert-Sudan stain.) 


was present in the underlying media in only 4, however, and these 
medial deposits were rather less extensive and without the fan- 
shaped radiating distribution suggestive of rapid infiltration from 
the intima noted in some of the cholesterol-fed birds. Small de- 
posits of lipid were present in the mid-portion of the media, unasso- 
ciated with an intimal plaque, in the thoracic aorta of one control 
chicken, but no other independent medial lesions were observed. 

Conclusion. The aorta of the young adult rooster commonly 
exhibits areas of intimal fibrosis, with an infiltration of lipid into 
the thickened intima and the underlying media. Feeding of choles- 
terol for periods up to 4 months fails to increase the incidence of 
such lesions, but may slightly augment the deposition of lipid, par- 
ticularly in the media. For the production of intimal lipid deposits 
in the aorta by feeding cholesterol, the chicken, therefore, appears 
to be an unsatisfactory animal. 
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Susceptibility of the “Gopher,” Citellus Richardsonii (Sabine), 
to Equine Encephalomyelitis. 


JeroME T. SyVERTON AND GEORGE PACKER BERRY. 


From the Department of Bacteriology, University of Rochester, School of Medicine 
and Dentistry, Rochester, New York. 


Epizootic equine encephalomyelitis, the specific causative virus 
of which was first recovered from affected horses by Meyer, Haring 
and Howitt," is a disease with a definite seasonal occurrence and an 
advancing geographical distribution in North America? Two dis- 
tinct. types of the virus have been recognized, Western and East- 
ern® *, of which the latter is restricted to the Atlantic coast states, 
whereas the former is spreading over an increasingly large area.? 
The disease is limited in nature, insofar as present knowledge is 
concerned, to members of the equine family, although evidence 
somewhat suggestive of its transmission to man has been presented 
by Meyer.® Experimentally, the susceptibility of a wide variety of 
hosts has been demonstrated.»***"*° (The host range is more lim- 
ited for the Western than for the Eastern type.) In spite of this 
fact, however, no possible residual host has as yet been demonstrated 
among the wild animals native to North America. The discovery 
of such a host would be noteworthy, especially if the new host were 
representative of a large number of wild animals with natural hab- 
itats in close proximity to equines during the limited time of year at 
which the disease occurs. Evidence that such a host has been found 
is offered in the present communication, which reports the suscepti- 
bility of the “gopher,” Citellus richardson (Sabine),* to the virus 
“1 Meyer, K, F., Haring, C. M., and Howitt, B., Science, 1931, 74, 227; J. Am. 
Vet. Med. Assn., 1931, 79 (N.S. 82), 376. 

2Giltner, L. T., and Shahan, M. S8., J. Am. Vet Med. Assn., 1936, 88 (N.S. 
41), 363. 

3 Ten Broeck, C., and Merrill, M. H., Proc. Soc. Exp. Bion. AND Mep., 1933, 
81, 217. 

4Giltner, L. T., and Shahan, M. 8., Science, 1933, 78, 63. 

5 Meyer, K. F., Ann. Int. Med., 1932, 6, 645. 

6 Syverton, J. T., Cox, H. R., and Olitsky, P. K., Science, 1933, 78, 216. 

7 Olitsky, P. K., Cox, H. R., and Syverton, J. T., J. Hap. Med., 1934, 59, 159. 

8 Hurst, E. W., J. Bap. Med., 1934, 59, 529. 

9 Remlinger, P., and Bailly, J., Bull. Acad. Vet. France, 1935, 8, 420. 


* We wish to thank Mr. George G. Goodwin of the American Museum of Nat- 
ural History, New York City, for specific allocation of the ‘‘gophers’’ used, 
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of equine encephalomyelitis, Western type.t This type was used 
because the geographical distribution of the disease in equines em- 
braces that of the newly demonstrated host. Furthermore, the lower 
virulence of this type of virus lends greater significance to the suc- 
cessful serial passage by intranasal instillation of virus. 

The Richardson ground squirrel, Citellus richardsonii (Sabine), 
is native to Saskatchewan, Alberta, Montana and the Dakotas. It 
is known locally by the name “gopher.’”’ Probably the most common 
wild animal in this district, it represents one of a large number of 
closely related species which are distributed throughout much of the 
United States and Canada. Its natural habitat is pastures and fields 
where grain, roots and other vegetation provide ample food supply. 
The adult animal, gray-brown in color, measures from 7 to 9 inches 
over all and is characterized, as are the related species, by the pos- 
session of long claws and powerful limbs with which to burrow 
beneath the surface of the ground. Several litters of from 2 to 8 
offspring each are born during the summer months. This explains 
the great increase in numbers as well as the marked activity of the 
animals during this period. 

The brain tissue of a guinea pig im extremis following the intra- 
nasal instillation of the Western type of equine encephalomyelitis 
virus was used as source virus. This material was found to be 
active in the guinea pig brain in a dilution of 10°. The tissue was 
ground without an abrasive and diluted to make a 10% suspension 
in nutrient broth. Following centrifugation at 1500 r.p.m. for 5 
minutes, the supernatant fluid was introduced into the nares of a 
“gopher” under light ether anesthesia. Introduction of the fluid 
was accomplished by means of a tuberculin syringe fitted with a 
blunt needle, care being taken to prevent the needle from touching 
the tissues. Using a similar procedure, the inoculum consisting of 
brain tissue of the generation preceding, the infectious agent was 
carried through 12 successive passages in “gophers.” The clinical 
syndrome, which terminates fatally in most instances, is character- 
ized by an incubation period of from 2 to 4 days, followed by gen- 
eral weakness, ataxia, marked tremors, grinding of the teeth, with 
death on the third to sixth days. Thus it is similar to that observed 
in domesticated laboratory rodents. It differs from that of the 
guinea pig and rabbit in that less than 50% show a febrile response. 

Following 12 successive serial passages in “gophers” by intra- 


+ Samples of the Eastern and Western types of equine encephalomyelitis virus 
were sent to us through the kindness of Doctors L. T. Giltner and W. S. Gochenour 
of the United States Bureau of Animal Industry, Washington, 
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nasal inoculation of virus-brain tissue suspension derived from the 
preceding passage host, the virus was found to be lethal in a dilution 
of 10*. The titer was determined by the intracerebral inoculation of 
guinea pigs, using two animals for each decimal dilution. This titer 
does not differ materially from that in guinea pigs following serial 
passage by the intranasal technique. 

Following the “gopher” passage, the specificity of the passaged 
virus was verified by its specific neutralization with rabbit anti- 
equine encephalomyelitis serum of the Western type.t Briefly, the 
technique consisted of mixing equal parts of a 2% broth suspension 
of “gopher” brain virus with an equal volume of anti-equine en- 
cephalomyelitis rabbit serum and normal rabbit serum for control. 
The serum-virus mixtures were incubated at 37°C. for 2 hours and 
used in 0.15 cc. amounts for the intracerebral inoculation of guinea 
pigs under light ether anesthesia. Two animals were used for each 
decimal dilution of a series extending from 10* through 10%. The 
antiserum protected all of the animals with the exception of one 
receiving the 10” mixture. All of the control animals died up to 
and including the pair which received 10%. 

It is noteworthy that one “gopher” was found to be refractory to 
the disease. This suggested that this animal may have contracted 
the disease in nature. With this possibility in mind, cage contact 
was attempted. To date none of the small number of contact ani- 
mals tested has contracted the disease. Work is under way to deter- 
mine the susceptibility of other native wild rodents as well as the 
possible role of arachnid vectors in the dissemination of this disease. 


Summary.—Evidence is presented of the susceptibility of the 
“gopher” or Richardson ground squirrel, Cuitellus richardsoni 
(Sabine), to the virus of equine encephalomyelitis, Western type. 
Twelve successive passages through “gophers” have been effected 
by intranasal instillation of virus-brain tissue suspensions derived 
from the preceding passage. The virus was recovered following 
the final passage. Its pathogenicity for guinea pigs and its specificity 
were demonstrated. It is suggested that the “gopher’’ and other 
wild rodents may possibly act as reservoir hosts for the virus in 
nature. 


t+ We are indebted to Doctor H. R. Cox of the Rockefeller Institute for Medical 
Research, New York City, for supplying us with rabbit anti-serum against both 
the Eastern and Western types of equine encephalomyelitis virus. This enabled 
us to establish the serological specificity of the gopher-passaged virus with anti- 
sera prepared against different lots of virus than that used for initiating the 
present studies. 
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Inhibition of Gastric Peristalsis Due to a Substance Found in 
Commercial Peptones. 


J. Eart THoMAs AND J. O. CRIDER. 


From the Department of Physiology of the Jefferson Medical College of 
Philadelphia. 


In previous communications one of us‘? called attention to the 
importance of gastric inhibition due to stimuli acting in the 
duodenum, in the regulation of gastric emptying. In the case of 
acid and certain other chemical stimuli the inhibition was found to 
be due to an “enterogastric” reflex over the vagus nerves. Later the 
present authors with Dr. Mogan? reported additional experimental 
evidence leading to the same conclusions and added proof that the 
normal duodenal contents following a meal of raw lean beef act as 
adequate stimuli to cause gastric inhibition. Experiments were re- 
ported which indicate that the inhibitory effect is in part due to 
chemical stimuli, the nature of which was not determined. The 
present study is an effort to identify the inhibitory agent. 

The type of animal preparation and the methods used are 
described in the previous reports. 

Brunemeier and Carlson* observed that 10% Witte’s peptone in 
0.2% HCl, when injected into the duodenum, stopped gastric hunger 
contractions. In experiments performed in July, 1935, we attempted 
to use Witte’s peptone as a buffering agent for HCI solutions to be 
used in a further study of gastric inhibition from the duodenum. 
We found that the peptone, even in neutral solution, catsed inhibi- 
tion of gastric peristalsis. 

In those experiments, after a meal of raw lean beef, the duodenum 
(of dogs) was perfused through its lumen with various solutions, 
using normal saline as a control. Fig. 1 (Exp. of July 24, 1935,) 
shows the effect on antral peristalsis of changing the perfusion fluid 
from normal saline to 0.5% Witte’s peptone in neutral solution. ° 

A further study of this phenomenon has been made by injecting 
10 cc. quantities of distilled water solutions of various commercial 

1Thomas, J. Earl, J. A. M. A., 1931, 97, 1663. 

2Thomas, J. Earl, and Mogan, OC. J., Proc. Soc. Exp. Bion. AND Mep., 1931, 
28, 968. 

3 Thomas, J. Earl, Crider, J. O., and Mogan, C. J., Am. J. Physiol., 1934, 


108, 683. 
4Brunemeier, E. H., and Carlson, A. J., Am. J. Physiol., 1915, 36, 191. 
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Fig. 1. 

Balloon record of antral peristalsis during perfusion of the duodenum. Per- 
fusion fluid was changed at the point indicated from normal saline to 0.5% 
Witte’s peptone in neutral solution in normal saline. Time in 10-second intervals. 
Bromoform manometer. 


peptones into the first part of the duodenum of dogs with the stom- 
ach empty or shortly after feeding a meal of dog biscuit. Witte’s pep- 
tone, “Proteose’’ peptone, “Bacto”? peptone and a granular pep- 
tone produced by a French manufacturer have been investigated. 

Witte’s peptone caused gastric inhibition from the duodenum in 
2% solution, ‘“Proteose” peptone in 5%, and “Bacto” peptone in 
10% solution. ‘“Proteose” peptone in 2% and “Bacto’’ peptone in 
5% solution gave questionable reactions. In 2% solution “Bacto” 
peptone and the French peptone were without effect. The French 
peptone was not investigated further. 

Solutions of Witte’s peptone and of “Bacto” peptone were sat- 
urated with ammonium sulphate and the redissolved precipitate 
investigated. The precipitate is assumed to consist mainly of pro- 
teoses. The proteose solutions were approximately as effective as 
the corresponding solutions of the whole peptone mixture from 
which they were obtained, making some allowance for loss in the 
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manipulations necessary to free the preparations from adherent 
ammonium sulphate. We conclude that the active substance is mainly 
proteose or is precipitated with it. 

Further evidence that the inhibitory substance is one of the higher 
derivatives of protein digestion appears when our results are com- 
pared with chemical data kindly loaned us by Dr. Carl J. Bucher. 
This comprises an analysis of various commercial peptones for pro- 
tein nitrogen, non-protein nitrogen, polypeptid nitrogen, amino 
acids, salt and sugar. The inhibitory effect of the various prepara- 
tions varies directly with the amount of “protein’’ nitrogen, inverse- 
ly with the amount of non-protein nitrogen and polypeptid nitrogen, 
and is in no way related to the total nitrogen. The analysis shows 
an insignificant amount of salt and amino acid in the most effective 
preparations and no sugar (a possible source of error) in Witte’s 
peptone. 

We conclude that certain products of protein hydrolysis, probably 
proteoses, act in the intestine to inhibit gastric peristalsis. The 
observation has a bearing on the regulation of gastric emptying 
during protein digestion and completes the list of major foodstuffs, 
each of which has now been shown to be capable of inhibiting gastric 
activity when present in the intestine in adequate concentration and 
in certain stages of digestion. 

Further work is contemplated directed toward the isolation of 
similarly active material from the products of normal digestion in 
the animal and to learn whether the inhibitory effect is reflex, 
humoral, or both. Present indications point to a reflex effect inas- 
much as the latent period for inhibition is often less than 30 seconds. 
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Creatine Content of Human Hearts. 


GroRGE HERRMANN, GeEoRGE M. DECHERD, JR-., AND ToM OLIVER. 
From the Departments of Medicine and Pathology, University of Texas. 


Even before the important role of phosphocreatine in muscular 
contraction was recognized, Constabel* noted that there was a 
decreased total creatine content in those human hearts that showed 
either clinical or post-mortem evidence of damage. Recently 


: 1Constabel, Fr., Biochem. Z., 1921, 122, 152. 
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Cowan? has examined a larger group of hearts, and found that 
myocardial failure is accompanied by a creatine content that is 
markedly below normal. Seecof, Linegar and Myers*, whose 
method for determining myocardial creatine we have employed, 
have also examined a series of human hearts, emphasizing particu- 
larly the higher creatine concentration in the left ventricular muscle 
as compared to the right ventricle. 

In our laboratory we have approached from several experimental 
angles the question of the chemical changes that initiate or accom- 
pany heart failure. Since our primary interest is clinical, we have 
also analyzed muscle from the left ventricle of human hearts, as this 
material became available from time to time.*_ In Table I we have 


TABLE I. 
Creatine Content of Human Hearts. 
No. Cause of death Mg. % Solids % Driedmg. % 
5h Traumatic, normal hearts 183 + 17 20.7+ 0.62 887+ 79 
23 Infectious normal hearts 172 +154 20.1+0.98 858+ 70 
34 Normal hearts 175 + 20.7 20.3 + 0.87 868+ 70 
Heart disease without failure 
1 Rheumatic 210 19.9 1058 
6 Hypertension 198+ 15.6 20.4 970+ 79 
11 Coronary sclerosis 157 20. 783 
18 Total without failure 173 20.1 860 
6 Glomerulonephritis with uremia 159 20.3 781 
5 Severe anemia 157 19.3 819 
32 Congestive heart failure 122+ 20.8 203+ 1.2 605 + 100 
10 Infections with microscopic 
myocardial change 121 20.5 596 


summarized creatine determinations on 105 additional human 
hearts. The total creatine has been determined, the total solids, and 
from this calculated the percentage of creatine on a dry basis. The 
normal values have been determined in hearts from patients that 
died a traumatic or surgical death, and in hearts from those who 
died from an infectious disease, yet showed no gross or microscopic 
evidence of myocardial involvement. We list the mean value, with 
the standard deviation from the mean. 

In hypertrophied hearts, which have not failed, the values for 
total creatine are elevated; in those with myocardial change sec- 
ondary to coronary sclerosis, the averages are low. The creatine 
content of hearts that have failed is reduced, averaging 30% below 


2 Cowan, D. W., Am. Heart J., 1934, 9, 378. 

3 Seecof, D. P., Linegar, C. R., and Myers, V. C., Arch. Int. Med., 1934, 58, 574. 

4 Herrmann, George, Decherd, George M., and Schwab, E. H., Southern Med. J., 
1936, 29, 386. 
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normal. Low values were also obtained in hearts that showed 
microscopic changes, inflammatory or degenerative, from patients 
that had died of infectious disease. 

We have previously noted’ the drop in creatine content of 
infarcted heart muscle with experimental animals. Four human 
cases have shown the same changes. Table II shows the creatine 
values for the infarcted areas from human hearts, compared with 
the values from non-infarcted portions of the heart. 


TABLE II. 
Coronary Occlusion. 

Creatine mg. % Solids % Dried mg. % 

Ht. Wt. Good Infareted Good Infarcted Good Infarcted 
610 122 41 23.45 18.0 520 228 
350 104 61 21.95 15.05 497 405 
800 100 52 19.7 18.2 558 318 
900 aise 31 19.15 17.25 788 180 

8810 C 
Embolic Staphylococcus Arthritis and Endocarditis in Rabbits. 
@ 


GENE H. Kistier. (Introduced by A. D. Keller.) 


From the Department of Pathology and Bacteriology, University of Alabama 
Medical School. 


There have been many clinical and experimental studies of 
arthritis and its associated conditions. The results and hypotheses 
set forth, however, are confusing and conflicting, especially regard- 
ing etiology and mechanism of production. Experimental inflam- 
matory reactions have been produced within joints by intra-articular 
and intravenous injections of virulent and attenuated micro- 
organisms, bacterial toxins and various chemical agents. It has 
been postulated by various authors that the localization of a focus 
may be influenced by trauma, allergic responses and by the particular 
structure of joint tissues. 

Studies of the blood supply and infarction of the femur in rab- 


5 Decherd, G., Herrmann, G., and Davis, O., Proc. Soc. Exp. Bion. AnD Mep., 
1935, 32, 547; Herrmann, G., and Decherd, G., Proc. Soc. Exp. Brot. AnD Mep., 
1935, 32, 1304. 
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bits! demonstrated that a suspension of charcoal and agglutinated 
staphylococci, living or dead, can act as arterial emboli and produce 
septic or aseptic infarcts in bone. These infarcts occurred regularly 
beneath epiphyseal and articular cartilages due to end-capillaries 
between ossifying columns of calcified matrix and to relative poor 
collateral circulation to subchondral tissues. Since some of the 
septic infarcts were accompanied by exudative arthritis, it seemed 
desirable to investigate further the relationship of joint infection to 
embolic disturbances in contiguous bone and cartilage structures. 

Healthy growing rabbits (500 to 2000 gm.) were given intra- 
venous (ear vein) injections of fully virulent, partially sterilized 
and killed agglutinated and non-agglutinated saline suspensions of a 
hemolytic staphylococcus aureus made from 24-hr. agar-slant cul- 
tures. The organism was obtained from the blood stream of a man 
with a subperiosteal abscess. Agglutination and partial or complete 
sterilization were produced by one to 5 drops of N/10 sulphuric 
acid per cubic centimeter of suspension. The amounts injected, 
singly or in divided doses, ranged from 0.0025 (virulent) to 1.5 
cc. (killed suspension) depending upon the size of the animal, the 
effects desired and upon the amount of acid and the time added 
before injection. The animals died or were killed from 1 to 115 
days after the first injection and all abnormal bone, joint and viscera 
tissues were taken for histologic study. A pure growth of staphylo- 
coccus, similar to the strain injected, was obtained from all foci 
cultured. 

All the rabbits that received living organisms and survived the 
septicemia more than 2 days developed marked exudative arthritis 
in one or more joints with destruction of articular cartilage and 
subchondral bone. The joints were distended markedly by exudate 
and many had associated necrosis and separation of one or both 
adjacent epiphyses. The joints most commonly affected were the 
knee, hip and ankle. In the more chronic experiments the joints 
tended to heal; in a few this was complete but with residual rough 
articular surfaces, thick fibrous capsules and limited motion. There 
were also gross lesions of the heart, especially the mitral leaflets, in 
53% of the animals. These ranged from small endocardial vegeta- 
tions to marked suppurative pericarditis. The parenchymatous 
visceree had no significant changes or a few scattered abscesses not 
larger than 2 mm. in diameter. This was conspicuous by contrast 


1 Kistler, Gene H., Arch. Surg., 1934, 29, 589; Surg., Gynec. and Obst., 1935, 
60, 913. 
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with the changes in the joints and structures of the heart. One 
animal that received 0.1 cc. of a partially sterilized and agglutinated 
suspension in a single dose and survived 11 days, had 21 joint and 2 
endocardial foci without changes in the liver and with only 3 miliary 
abscesses of the kidneys. Rabbits that died within 2 days after 
injection had swollen, hyperemic parenchymatous viscerz, often 
hyperemia of the epiphyses, increased sanguinous joint fluid and 
hemolysis staining of the tissues generally. 

The most marked and numerous focal changes were obtained with 
suspensions of cocci well agglutinated and partially or almost com- 
pletely sterilized by the acid, which permitted relatively large single 
and repeated doses and the production of chronic lesions. It was 
difficult to judge the dose of virulent non-agglutinated organisms 
for amounts as small as 0.0025 cc. produced death without localized 
suppuration. Sterile agglutinated and non-agglutinated suspensions 
aggregating 1.5 cc. produced no significant changes in any tissues. 

Histologic preparations of joint and contiguous bone tissues after 
decalcification demonstrated marked exudate in the joint space, 
edema and hyperemia of the synovia, varying degrees of necrosis 
and repair of articular cartilage and focal necrosis of subchondral 
bone, as produced previously by septic arterial infarction of the 
femur. The bone abscesses beneath articular cartilage produced nec- 
rosis of the cartilage; those in the metaphyses spread along the epi- 
physeal cartilage plates, partially separated the epiphysis from the 
diaphysis and entered the joint near the attachment of its capsule. 
This association of a subchondral abscess with suppurative arthritis 
was demonstrated in all tissues examined. The septic infarcts were 
present also beneath many articular and epiphyseal cartilages with- 
out arthritis and beneath cartilage not contiguous with joints. It 
seems very probable that the peculiar structure and blood supply of 
growing bones and the susceptibility of these to infarction are im- 
portant in the production of acute exudative arthritis. This is sub- 
stantiated clinically by the great predominance of exudative arthritis 
in children over adults. The organism used was in no sense specific 
and similar changes were produced by a staphylococcus obtained 
from a cutaneous carbuncle. 
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Ultrafiltration in the Concentration and Purification ot 
Pneumococcus Specific Polysaccharides. 


RACHEL Brown. 


From the Division of Laboratories and Research, New York State Department of 
Health, Albany, N. Y. 


In continuance of the chemical and immunological studies of the 
pneumococcus,”” methods of ultrafiltration previously described for 
use in the purification and concentration of other products** have 
proved distinctly advantageous in the preparation of the type- 
specific carbohydrate from broth cultures. Simultaneous concentra- 
tion and purification are accomplished and the injurious effects of 
heat and chemicals are avoided. In one instance a 16-hour culture 
of pneumococcus type VII grown in an infusion-free peptone broth 
was run through a Sharples supercentrifuge and the effluent ultra- 
filtered and washed on a 4% nitrocellulose (Parlodion) membrane 
at room temperature. The residue, which contained all of the 
specific polysaccharide, represented a 100-fold concentration of the 
original material; at the same time 98.26% of the nitrogen had been 
removed. Similar results in the concentration of the specific poly- 
saccharide and the elimination of inert material have been obtained 
by the passage of from 10 to 12 liters of clear broth culture through 
a single nitrocellulose-coated alumina thimble (127 x 45 mm.). 

When larger amounts are to be handled, an initial concentration 
with ammonium sulfate can conveniently be used, followed by ultra- 
filtration for purification. If the broth-culture effluent from the 
Sharples supercentrifuge is treated with the optimum amount of 
ammonium sulfate (dependent upon the type of pneumococcus), 
the major portion of the specific polysaccharide is found in the 
scum which forms. This scum, when dissolved in water to give 
approximately a 50-fold concentration of the original, can then be 
purified by ultrafiltration. 

Several alcoholic precipitations of the ultrafiltered residues give, 
in excellent yield, a product comparable in purity to those obtained 
by other methods and of high serologic activity. 


1 Wadsworth, Augustus, and Brown, Rachel, J. Immunol., 1931, 21, 245; ibid., 
1933, 24, 349. 

2 Brown, Rachel, Proc. Soo. Exp. Bion. anp Mep., 1935, 32, 859. 

8 Wadsworth, Augustus, and Quigley, J. J.. Am. J. Hyg., 1934, 20, 225. 

4 Wadsworth, Augustus, and Wheeler, M. W., J. Infect. Dis., 1934, 55, 123. 
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These methods have been found applicable to the preparation of 
the specific polysaccharides of pneumococcus types I, II, III, V, 
VII and VIII. 
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Fixation of Ascorbic Acid by Tissues. 


ik Cy How: 


From the Division of Physiological Sciences, Henry Lester Institute of Medical 
Research, Shanghai. 


During the last few years considerable data have been accumu- 
lated to show that scorbutic animals suffer a marked depletion of the 
ascorbic acid content of the tissues particularly in organs such as 
the adrenal, pituitary, intestine, and liver. This depletion is readily 
made up when vitamin C rich foods are fed to the animals. The 
importance of the presence of ascorbic acid has been subsequently 
linked up with its function as an oxygen carrier, particularly 
through the studies of Harrison* and Euler and Klussmann.’ They 
showed that tissue slices from scorbutic animals have a low oxygen 
uptake which is restored by the addition of ascorbic acid. Soder- 
strom and Tornblom® further show that in scorbutic animals the 
oxygen consumption is diminished. 

The ability of tissues to fix ascorbic acid was suggested by the 
report of Harris, Ray and Ward.*. They believed from their study 
of the urinary output of vitamin C that the amount excreted might 
serve asa gauge of the nutritional state of the individual. This 
suggests that the tissues must be saturated with ascorbic acid before 
it will overflow through the kidney. This conception is supported 
by further observations of Harris and Ray,’ Johnson and Zilva,° 
Ippen,” Euler and Malmberg,*° Hou’ and others on the urinary 


1 Harrison, D. C., Biochem. J., 1933, 27, 1501. 

2Huler, H. v., and Klussmann, E., Arkiv. Kemi, Mineral. Geol., B 11, No. 4, 
1932-33. 

3 Sdéderstrém, N., and Tornblom, N., Skan. Arch. Physiol., 1933, 66, 67. 

4 Harris, L. J., Ray, S. N., and Ward, A., Biochem. J., 1933, 27, 2011. 

5 Harris, L. J., and Ray, S. N., Lancet, 1935, 228, 71. 

6 Johnson, 8. W., and Zilva, 8. S., Biochem. J., 1934, 28, 1393. 

TIppen, F., Schwei. Med. Wochenschr., 1935, 65, 431. 

8 Euler, H. v. and Malmberg, M., Svensk. Kem. Tidskr., 1935, 47, 25. 

9 Hou, H. C., unpublished data. 
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excretion of ascorbic acid in man and animals, in various nutritional 
states and following the administration of ascorbic acid orally or 
intravenously. Zilva’® found a marked increase in the ascorbic acid 
content of the intestine of scorbutic animals after the injection of 
ascorbic acid. He" further showed that the antiscorbutic activity 
of the ascorbic acid and its related compounds appeared to be “con- 
nected with their capacity of being retained by the tissues of the 
animal organism.’”’ By means of histological staining with AgNO; 
Giroud and coworkers” were able to trace the deposition of ascorbic 
acid in the intestine, the blood, the liver and kidney, after orange 
juice was given to scorbutic animals. De Caro’ studied the 
ascorbic acid content of the organs of normal and scorbutic guinea 
pigs at different periods following the intravenous injection of 
ascorbic acid and found a transient rise in normal animals. The 
concentration in the kidney and muscles of the scorbutic animals 
reached normal or even above normal in 15 minutes; other organs 
showed an increase although they did not reach a normal value. He 
further studied the effect of ascorbic acid solutions in contact with 
tissue emulsions and concluded that the behavior of the normal and 
scorbutic tissue emulsions was essentially the same. The slight 
difference obtained was considered to be due to loss in filtration and 
to the amount of ascorbic acid present in the tissue. De Caro thus 
believed that in scorbutic animals the ability of the tissue to fix 
ascorbic acid was decreased. 

We have recently investigated this problem in a slightly different 
manner and obtained results which indicate an increased capacity 
of the scorbutic tissues to remove ascorbic acid from solution. 

Two groups of comparable guinea pigs were used. One group 
was kept on a vitamin C free diet (Hou™) and the other on a diet 
supplemented with plenty of cabbage. After 22 days the animals 
were killed by decapitation and bleeding. Tissues were removed at 
once, weighed, cut into slices, teased, put into Ringer’s solution con- 
taining known (titrated) amounts of ascorbic acid and thoroughly 
mixed. The solutions were overlaid with liquid paraffin to prevent 
oxidation of the ascorbic acid by air and incubated at 37°. At the end 
of one hour and 5 hours, samples of one cubic centimeter of the solu- 

10 Zilva, 8. S., Biochem. J., 1935, 29, 100. 

11 Zilva, S. 8., Biochem. J., 1935, 29, 1612. 

12 Giroud, A., Leblond, C. P., and Galelovitch, S., C. R. Assoc. Anat. Brucelles, 
1934, Mar., p. 4. 


13 De Caro, L., H. §. Zeits. Physiol. Chem., 1934, 228, 229. 
14 Hou, H. C., Chinese J. Physiol., 1935, 9, 253. 
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tion were removed for titration with 2.6 dichlor-indophenol. The 
results obtained were compared with that of a control solution con- 
taining no tissue but similarly treated. It was found that the scor- 
butic tissues were able to take up more ascorbic acid from Ringer 
solution than the normal tissues. Among the tissues examined, ad- 
renal and muscle took up most, next the skin, then the intestine and 
kidney. It is interesting to note that the adrenal took up to its full 
capacity during the first hour of incubation since nothing more was 
taken up during the next 4 hours of incubation. On the other hand, 
the intestine continued to take up more during the following four 
hours than during the first hour. The other tissues took up com- 
paratively little during the second period. 
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Effect of Small Doses of Oestrin upon Ovarian and Vaginal 
Cycles of Mature Rats. 


Lucius L. Button anp CuHartes I. Miter. (Introduced by 
G. W. Corner. ) 


From the Department of Anatomy, The University of Rochester, School of 
Medicine and Dentistry. 


Much work has been done to demonstrate the effect of large doses 
of oestrin upon the ovaries, but scarcely any to show the effects of 
threshold or subthreshold doses. Bialet-Laprida,’ injecting rats 
with 2-25 r.u. (Coward-Burn units) daily for 30 days, showed that 
the oestrous cycle was interrupted and also that the ovaries con- 
tained many atretic follicles at the end of this period. Thirty days 
after the injections were stopped the ovaries were slightly degen- 
erate, there were few corpora lutea, many atretic follicles and the 
average weight of the ovaries was decreased. However there were 
also a few mature follicles present. Sixty days after the injections 
had ceased the ovaries were normal. 

Selye, Collip and Thomson? treated 6 adult rats with 20 gamma 
of oestrin (200 int.u.) daily and obtained almost continuous vaginal 
oestrus. At the end of 20 days, however, the ovaries were notice- 
ably atrophic, the average weight being 25 mg. In only one case 
did they contain recent corpora lutea. 


1 Bialet-Laprida, Z., Compt. Rend. Soc. Biol., 1934, 117, 456. 
2Selye, H., Collip, J. B., and Thomson, D. L., Proc. Soo. Exp. BioL. AND 
Mep., 1935, 32, 1377. 


836 ALTERATION OF CYCLE BY OESTRIN 


De Castillo and Calatroni® injected mature. female rats with 0.1 
to 0.25 Coward-Burn rat units and found that after a latent period 
the oestrous cycles gradually became prolonged up to 40 to 80 days 
and eventually returned to normal length. At autopsy the ovaries 
contained no mature follicles and no recent corpora lutea. 

Wade and Doisy* injected .65 to 13 gamma of oestrin (6.5-130 
int.u.) daily for 60 days. The vaginal smears during this period 
showed prolonged periods of oestrus or dioestrus varying from 5 to 
25 days interspaced with regular cycles. 

In the present experiment young mature female rats were observed 
by the method of vaginal smears through a control period of 3 
oestrous cycles, and were then treated with oestrin in the form of 
Progynon-B, kindly donated by the Schering Corporation. The 
hormone as diluted with sesame oil for use in these experiments was 
retested on castrated rats to insure correct potency. As controls, 
10 rats were injected daily for 8 weeks with amounts of sesame oil 
equal to those used in the experimental injections. The ovaries of 
these rats showed no significant changes in appearance or weight 
and the vaginal cycles remained normal. 

Groups of rats were injected subcutaneously with daily doses of 
29, 50; 1.0;‘and. 2:0) tu." (approximately 1.25,.2:59 5.0; sand yi10 
int.u.) respectively for periods from 3 to 13 weeks. Another group 
of rats were used as untreated controls. Vaginal smears were made 
daily. At the end of the injection period the animals were killed, 
and the ovaries were dissected out, weighed, and examined under 
the binocular microscope. Serial sections of each ovary were made 
and the corpora lutea counted. The effects of the injections upon 
ovulation were determined by a comparison of the number of cor- 
pora lutea in the normal and experimental rats. 

Effect on the cycle: Of the group of 5 rats receiving .25 r.u. per 
day, 3 exhibited no significant disturbance of cycles, and underwent 
a practically constant succession of oestrous cycles during the ex- 
perimental period of % to 3 months. The remaining 2 exhibited 
some disturbance. In No. 26, for example, there were 4 regular 
cycles, followed successively by anoestrus for 10 days, 5 approxi- 
mately normal cycles, another 10-day period of anoestrus and again 
5 normal cycles. In No. 29 the cycles occurred with practically 
normal rhythm for 2%4 months, after which there were 20 days of 
anoestrus (about 4 cycles omitted) followed by 2 oestrous smears 2 


3 De Castillo, E.-B., and Calatroni, C.-J., Compt. Rend. Soc. Biol., 1930, 104, 
1024. 
4 Wade, N. J., and Doisy, H. A., Hndocrinol., 1935, 19, 77. 
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days apart, after which the animal was killed. At autopsy an 
ovarian tumor was found, which may possibly have been concerned 
with the slight irregularity of the cycle. 

Another group of 7 rats received 0.5 r.u. daily for 3 months 
except that one rat (No. 13) was killed after 6 weeks. The effect 
on the vaginal cycle was variable. One rat (No. 13) exhibited 
normal cycles throughout the period of injection. In general, the 
others of the group had their cycles interrupted and periods of 
anoestrus varying in length from a few days (one cycle omitted or 
delayed) to as much asa month. These anoestrous periods were in 
several cases followed by periods of normal rhythm. Finally, one 
animal of this group (No. 3) after 5 approximately normal cycles 
had 4 oestrous periods at intervals of about 2 days, and then 
remained in continuous oestrus for 10 days, until autopsy. 

A 3rd group of 3 rats received 1 r.u. per day for 2 to 7 weeks. 
The cycles were interrupted almost immediately. No. 19 went into 
anoestrus after one cycle and remained in the anoestrous state for 15 
days, until killed. No. 2 after one cycle went into anoestrus for 2 
weeks, then had 4 cycles and became anoestrous for 15 days until 
autopsy. Rat No. i0 went into continuous oestrus after 2 cycles. 
The fourth and last group received 2 r.u. daily. All these went at 
once, or after one-cycle, into continuous anoestrus which lasted from 
10 to 22 days. One was killed in this state; the other 2 went into 
continuous oestrus, in one case for 9 days, and in the other for 2 
periods of 7 days each, interrupted by one day of dioestrus. After 
this phase of continuous oestrus both the animals resumed cycles of 
rather rapid rhythm (intervals of about 2 days). 

In stimmary, the effect of daily treatment with oestrin in the form 
of Progynon-B in doses of 0.5 to 2.0 r.u. was to produce irregulari- 
ties of the vaginal cycles, chiefly characterized by cessation of the 
rhythm in the anoestrous phase, and sometimes by continuous oes- 
trus. The time of onset of the anoestrous state varied roughly with 
the doses; the larger dosages (1 r.u. and 2 r.u. daily) produced an- 
oestrus at once or after one cycle, while the 0.5 r.u. dosage permitted 
several cycles before the supervening of the anoestrous state. With 
the dose of 0.25 r.u. daily 3 of 5 rats showed no disturbance of the 
vaginal cycle. 

Effect on the ovaries: In the group of rats receiving 0.25 r.u. 
daily the ovaries were found to weigh less than those of the normal 
controls and also in every case the number of corpora lutea was 
found to be reduced. Whereas the ovaries of the normal rats 
weighed 40 to 45 mg., those of the experimental animals weighed 
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only from 13 to 32 mg. Similarly, the control ovaries contained 
75 corpora lutea while those of the experimental animals contained 
only 4 to % this number. For example, the ovaries of rat No, 28 
contained 47 corpora lutea, which is a definite reduction, and the 
ovaries of rats 6 and 26 contained only 19 and 16 corpora lutea 
respectively, which is a rather striking reduction. 

In the group receiving 0.5 r.u. daily there was a considerable 
reduction in the corpora lutea in all cases except 2 in which there 
was still, however, a slight reduction. These 2 (Nos. 13 and 32) 
contained 57 and 62 corpora lutea, as compared to the others in this 
group which contained 14 to 37 corpora lutea, as shown by rats 
Nos. 24 and 30. The ovaries of rat No. 3 contained only 1 corpus 
luteum. 

Approximately the same effects were obtained in the 2 groups 
of 3 rats each receiving 1 and 2 r.u. daily. There was a large reduc- 
tion of the corpora lutea in all cases, with the numbers of corpora 
lutea present varying from 3 to 24. The weight of the ovaries was 
also reduced, varying from 9 to 30 mg., and seemed to vary directly 
with the number of corpora lutea. 

In some of the animals which were autopsied at the end of long 
periods of induced anoestrous smears, large recent-looking corpora 
lutea were found. Whether this may be taken to indicate ovulation 
without corresponding vaginal changes, or rather indicates the per- 
sistence of corpora lutea under the influence of the oestrin treat- 
ment, cannot definitely be answered. We think it probable, how- 
ever, that the latter alternative is correct, and that the effect of the 
treatment is actually suppression of ovulation with persistence of 
old corpora lutea, because (1) in some of the rats the number of 
corpora became very small, and only old retrogressing corpora re- 
mained; (2) Corner’ found that proportionately comparable doses 
of oestrin caused suppression of ovulation in rhesus monkeys; 
(3) in a forthcoming note from this laboratory by Allen and 
Heckel, it will be shown that in rabbits the life of corpora lutea is 
prolonged by small doses of oestrin. 

There is even evidence from the state of the ovaries that in some 
of our animals exhibiting regular vaginal cycles up to the time of 
autopsy ovulation was nearly or quite in abeyance. 

These effects of the ovarian hormone upon the ovary itself are 
probably explainable as due to depression of the gonad-stimulating 
power of the hypophysis. 


5 Corner, G. W., Am. J. Physiol., 1935, 113, 238. 
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It is evident from these results that the reproductive cycle cannot 
be determined accurately by means of the vaginal smear during 
periods of hormone treatment if small amounts of cestrin are 
present in the extracts administered. This must be taken into 
account, for example, in evaluating the results of those who have 
at various times attempted to inhibit the vaginal cycle with corpus 
iuteum extracts, which when not fully purified contain small 
amounts of oestrin. 

Conclusions: (1) Daily treatment with oestrin (Progynon-B) 
in very small doses (% to 2 r.u.) disturbs the vaginal cycle by 
inducing periods of continued anoestrous smears, or sometimes con- 
tinued oestrous smears. (2) The ovarian cycle is also disturbed, 
the incidence of ovulation being reduced; and the weight of the 
ovaries is reduced. 

We wish to express our appreciation to Dr. George W. Corner 
for his many helpful suggestions and criticisms. 
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Migration of Nuclei in Uterine Epithelium of Monkey Following 
Prolonged Estrin Injections.* 


Mitton D. OvERHOLSER AND WARREN O. NELSON. 


From the Department of Anatomy, University of Missouri. 


Eight Macacus rhesus monkeys received subcutaneous injections 
of estrin in oil solution (Amniotint or Theelint) over time periods 
ranging from 6 to 24%4 months. The total estrin dosage ranged 
from 36,400 to 73,400 rat units. Two of the animals were ovari- 
ectomized, 5 were normal, and 1 was depancreatized. Two ovari- 
ectomized animals were used as uninjected controls. 

The migration of nuclei in the cells of the uterine epithelium 
(Fig. 1) occurred in 6 of the 8 injected animals. Of these, 3 were 
normal, 2 were ovariectomized, and 1 was depancreatized. The 2 
negative cases (animals 14 and 59) were animals receiving the 
lowest dosages (36,400 and 44,150 r.u.). The ovariectomized 
controls were also negative. The nuclear migration is brought 


* Aided by a grant from the Committee on Scientific Research of the American 
Medical Association to Dr. M. D. Overholser. 

t Supplied by Dr. J. A. Morrell of E. R. Squibb and Sons. 

¢ Supplied by Dr. Oliver Kamm of Parke, Davis and Co. 
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Fie. 1. 
Uterine epithelium from ovariectomized animal 22, after receiving 300 R.U. 
of estrin daily over a period of 6 months. Total dosage 54,600 R.U. Migration 
of nuclei in epithelium. x 300. 


about by the appearance of secretion at the bases of the epithelial 
cells. This causes the nuclei of the cells lining the lumina of the 
uterine cavity and glands alike, to be pressed toward the apices of 
the cells. Hisaw* (1935) and Lendrum and Hisaw? (1936) have 
noted this phenomenon as occurring regularly in the cells of the 
uterine epithelium of the monkey following injections of corporin, 
and have shown that it is due to an accumulation of glycogen 
beneath the nuclei. They state that the presence of glycogen is a 
characteristic feature of the endometrial response to the adminis- 
tration of corporin, but that minute traces of glycogen may be 
found occasionally in the basal ends of some cells following pro- 
longed treatment with large doses of estrin. In our material the 
phenomenon occurred in ovariectomized and normal animals alike 
following the administration of estrin only. Our total estrin 


1 Hisaw, F. L., Am. J. Ob. and Gyn., 1935, 29, 638. 
2Lendrum, F. C., and Hisaw, F. L., Proc. Soc. Exp. Biot. ann MzEp., 1936, 
34, 394. 
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dosages were much greater than those of Lendrum and Hisaw. In 
other respects the endometrium showed a simple estrin response, the 
glands being straight with no cystic or “swiss cheese’ effects. No 
stratified squamous cells were associated with the columnar uterine 
cells, although, with the exception of animals 14, 59 and 5 marked 
epidermization occurred in the cervix of the injected animals. 
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Studies of Prolactin in the Fowl Pituitary. I. Broody Hens 
Compared With Laying Hens and Males. 


WILLIAM H. Burrows AND THEODORE C. BYEELY. 


From the National Agricultural Research Center, Beltsville, Maryland. 


Riddle, Bates, and Lahr? have shown that the injection of pro- 
lactin into the fow! will produce broodiness. It seems to be a logical 
assumption that the pituitaries of broody hens would have a higher 
prolactin content than the pituitaries of laying hens or males. The 
present investigation was undertaken to ascertain if these differences 
in prolactin content of fowl pituitaries actually exist, and, if so, 
what their magnitude might be. 

The pituitaries of broody hens, laying hens and males were 
implanted over the crop glands of 8- to 10-weeks-old White King 
pigeons (age computed from time of conception) according to the 
method of W. R. Lyons as described by McQueen-Williams? and 
the extent of local stimulation of the crop gland was accepted as a 
relative measure of the prolactin content of the pituitaries. 

In all instances the pituitaries were implanted in pairs, 7. ¢., the 
pituitaries of two birds, either a broody hen and a laying hen or a 
broody hen and a male, were implanted into one pigeon; one over 
the right crop gland and one over the left crop gland. 

In all but one of the pairs of implants in which a broody hen and 
a laying hen were represented, the reaction indicated that there was 
more prolactin in the pituitary of the broody hen than in that of 
the laying hen. The reactions were observed and graded with plus 
signs; 2 pluses being given where the reaction was regarded as being 


1 Riddle, O., Bates, Robert W., and Lahr, Harnest L., 4m. J. Physiol., 1935, 
8, 352. 
2 MceQueen-Williams, M., Proc. Soc. Exp. Brot. AnD Mzp., 1935, 33, 406. 
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TABLE I. 
The prolactin-like reaction on the pigeon crop gland as shown by pairs of 
pituitaries implanted from broody hens and laying hens, and from broody hens 
and males. 


Pituitary from broody hen Pituitary from laying hen 
Pigeon No. No. of pluses No. of pluses 


4895 

4281* 
46t 
22 
67 
19 
71 
16 
13 
10t¢ 
32 


SCrRMON SEP RPwWRNWOLD 


4 
4675* 
Aver. 54 1.46 
Pituitary frem male 
4709+ 
6808t 
6616+ 
4142+ 
2776t 
4566t 
Aver. 
4555+ 
6077* 


*Broody hens that were nearly over their broody period. 
tBroody hens that were just becoming broody. 


twice that of a reaction designated by 1 plus, 3 pluses where the 
reaction was regarded as being three times as great as that of a 
reaction designated by 1 plus, etc. See Fig. 1. 

In 13 cases of implants from broody hens paired with laying hens 
the average number of pluses recorded for the pituitaries of the 
broody hens is 3.54 and for the pituitaries of laying hens 1.46. The 
average number of pluses recorded for pairs of broody hens and 
males are 5.83 for the broody hens and 1.00 for the males. 

Some of the broody hens were selected at the first sign of broodi- 
ness, others were at some indefinite stage of broodiness. Three 
hens whose pituitaries were used in pigeons Nos. 4281, 4675, and 
6077 were found to be almost at the end of their broody period and 
this may account for the faint reaction obtained from one of them 
and the negative results from the other two. 

Although it is obvious from the data in the table that the prolactin 
content of the pituitaries of broody hens is greater than that of the 
pituitaries of laying hens or males, the indication that there is more 
prolactin in the pituitary of a hen in early broodiness than in that 
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Fig. 1. 
Typical reaction of pigeon crop glands to implanted fowl pituitaries. (A) 
Negative. (B) Slightest reaction classed as positive. (C) Considered as being 4 
times greater reaction than that shown in B. 
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of one nearly over brooding can be only»a surmise until more data 
are available. 

Conclusions. It has been found that single fowl pituitaries im- 
planted over the crop glands of 8- to 10-weeks-old pigeons (age 
computed from time of conception) will, in many instances, cause 
a prolactin-like reaction. It is assumed that this reaction is caused 
by prolactin in the pituitaries of the donating fowls. 

Pituitaries from broody hens cause a greater reaction of the 
pigeon crop gland than the pituitaries of laying hens. Pituitaries 
from males cause a reaction about equal to, or slightly less, than 
the pituitaries from laying hens. 

It was noted in a few cases that the pituitaries of hens just becom- 
ing broody gave a greater reaction than those of hens nearly over 
their broody period. More data are being gathered on this point. 
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Studies of Prolactin in the Fowl Pituitary. II. Effects of Genetic 
Constitution With Respect to Broodiness on Prolactin 
Content. 


T. C. ByERLY anp W. H. Burrows. 


From the National Agricultural Research Center, Beltsville, Maryland. 


Broodiness was induced in laying fowls of broody races by the 
injection of prolactin, by Riddle, Bates, and Lahr.’ After prolactin 
injections laying fowl of non-broody races and males of a broody 
race became only partially broody, usually clucking without nesting. 
Burrows and Byerly? showed that pituitaries from broody fowl 
have a much greater prolactin content than those from laying fowl 
and from males, as judged by local pigeon crop-gland response to 
pituitary implantation. 

The present work was undertaken to determine the relative 
potency of fowl pituitaries with respect to genetic constitution of 
the fowls. White King pigeons of 8-10 weeks conception age were 
used as recipients for the fowl pituitaries. The local implantation 
technique of Lyons as described by McQueen-Williams* was used. 
The crop-gland responses were recorded as “plus” when any visible 


1 Riddle, O., Bates, R. W., and Lahr, E. L., Am. J. Physiol., 1935, 111, 352. 


2 Burrows, W. H., and Byerly, T. C., Proc. Soc. Exp. Brot. anp Mup., 1936, 
“B34, 841, 


3 MeQueen-Williams, M., Proc. Soc. Exp. Brot. anp Mep., 1935, 33, 406. 
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stimulation was obtained, “2 plus’ when the stimulation was 
roughly twice the minimal visible response, and so on. 

Crossbred females were used in their second laying year. Occur- 
rence or absence of broodiness during their first laying year was 
assumed to reflect their genetic constitution with respect to broodi- 
ness. Crossbred males used were assumed to be genetically broody 
since females from the crosses showed a high incidence of broodi- 
ness. The crossbreds were chiefly from matings of Single Comb 
Rhode Island Reds x Barred Plymouth Rocks, and White Wyan- 
dottes x Single Comb White Leghorns. The Single Comb White 
Leghorn females and males and the Single Comb Rhode Island Red 
males used were assumed to be of non-broody genetic constitution, 
since incidence of broodiness is low in birds of these breeds in the 
flocks at the National Agricultural Research Center. Obviously, 
broody constitution of the females so designated is proven while 
the genetic constitution of the other groups is presumptive. For- 
tunately, presence of broody birds among the presumptively non- 
broody ones could only reduce, not increase, the apparent difference 
found between pituitaries from birds of broody and non-broody 
genetic constitution. 

The data are summarized in Table I. They show clearly that 
pituitaries from laying hens of known broody constitution have 
greater crop-stimulating potency than those from laying birds of 
presumptive non-broody constitution. There were 9 paired experi- 
ments in which a pituitary from a laying hen of proven broody 
genetic constitution was implanted over one crop-gland and a 
pituitary from a laying hen of presumptive non-broody genetic con- 
stitution over the other. The response to the pituitary from the 
hen of broody genetic constitution was greater in 8 of the 9 cases 
and equal to that from the presumptively non-broody hen in one 
case. 

The data for males indicate that the male pituitary is about equal 
in crop-stimulating potency to the pituitary of the genetically non- 
broody female. It is likely that males of broody genetic constitution 
have a higher prolactin content than those from males of non-broody 
genetic constitution but the difference in crop stimulation was so 
small that the data are too few to make this conclusion certain. 
Paired implants from males and females of proven and presumptive 
broody and non-broody genetic constitution, and vice versa, were 
in accord with the summarized data of Table I. This was also true 
of paired implants from males of.presumptive broody and non- 
broody genetic constitution. 
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Effect of Route of Administration on the Bioassay of Prolactin.* 


Rospert W. Bates AND Oscar RIDDLE. 


Carnegie Institution, Station for Experimental Evolution, Cold Spring Harbor, 
o Epil Geo fon 


Our published method’ for the bioassay of prolactin is based on 
the growth response of the crop-glands of pigeons after injection 
into the pectoral muscles. The data of the present communication 
show that when prolactin is injected otherwise than by the intra- 
muscular route very widely different values are obtained. This 
point has some immediate practical importance since intramuscular 
injection of pigeons is being used for this assay in several labora- 
tories, and the results here reported indicate that injections so made 
as to permit seepage from the muscle into subcutaneous areas would 
yield erroneously high values. It is also of theoretical interest that 
mere mode of administration of this hormone may have as much as 
a 12-fold effect on its potency as a stimulator of the crop-gland. 

In previous studies the great influence of age’ and race of pigeon 
upon this bioassay was demonstrated. The present study was 
therefore made on pigeons of the same age and breed. White 
Carneaux (from the Palmetto Pigeon Plant, Sumter, S. C.) were 
injected and killed at 6 to 7 weeks after hatching. Five routes of 
injection were tested; intramuscularly, deep into the breast muscle; 
intravenously into the wing veins; subcutaneously, and intracutane- 
ously over the breast muscle or on the back and sides behind the 
leg—the region of the crop-sacs being carefully avoided. The 
volume injected was 0.4-0.5 cc. daily excepting that 0.08 cc. was 
used intracutaneously. All birds were injected once daily for 4 days 
and killed 94-100 hours after the first injection. The same prepara- 
tion (No. 469) of prolactin was used throughout. 

The more essential data—those showing the relative potency of 
1 mg. prolactin when administered by 5 different routes—are pre- 
sented in Table I. These data show that the subcutaneous and 
intracutaneous routes are most effective; least effective is intra- 
venous injection. The crop-sacs of all birds injected intravenously 
showed visible thickening when held against a source of light, 

* Aided by a grant from the Carnegie Corporation of New York. 


1 Riddle, O., Bates, R. W., and Dykshorn, 8. W., Am. J. Physiol., 1933, 105, 
191. 
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TABLE I. 
Quantitative Response of Crop-glands of Immature Pigeons to Prolactin Adminis- 
tered by 5 Different Routes. Dosage = 1 mg. per day for 4 days. 


Crop-gland 
weight 
——_— Potency* 
Route of injection No. birds Body wt. Ay. o Units/mg. 
gm. mg. 
Control 30 476 1245+ 33 0.0 
Intravenous 10 498 1610 + 113 1.0 
Intraperitoneal 10 465 1890 + 91 1.4 
Intramuscular 15 457 2355 + 188 2.4 
Intracutaneous 10 460 3790 = 233 10.0 
Subcutaneous 15 459 3940 + 232 11.5 


*Qaleulated unitage per mg. corresponding to the average crop-gland weight. 


although their weights were not all significantly increased; and a 
similar amount of stimulation was obtained in 10 birds to which 0.1 
mg. was administered subcutaneously. This confirms the values of 
units per mg. as calculated from the average crop-gland weights 
and shown in the last column of the table. 

The conversion of increased crop-gland weights into prolactin 
units makes possible the expression of the efficiency of different 
routes of administration in simple terms. Subcutaneous injection 
is thus found to be about 5 times as efficient as intramuscular and 
about 11.5 times as efficient as intravenous injection. These differ- 
ences in response are perhaps associated mainly with unequal rates 
of absorption from the sites of injection; but it is also possible that 
unequal rates of enzymatic destruction of hormone at the various 
sites of administration are involved. Bearing on this point is our 
earlier reported’ result showing that dividing the daily (intramuscu- 
lar) doses of prolactin into three spaced injections gives an in- 
creased effect on the crop-gland. Since that increase is of the order 
of four-fold one observes that the division of an intramuscular dose 
into more than 3 time-spaced injections should make it as effective as 
the same amount of prolactin given in a single subcutaneous injec- 
tion. 

We have confirmed the finding of Lyons and Page? that the 
amount of prolactin that can be detected by single intracutaneous 
(intradermal) injection directly over the crop-sac (10 tests) is about 
1/100th that which can be detected by injection elsewhere in the 
body. This is not true, however, of single subcutaneous injections 
made directly over the crop-gland; for, in 23 such tests we found 
the threshold dose not greatly different from that of daily injections 


2 Lyons, W. R., and Page, Emery, Proc. Soc. Exp. Bion. anD Mep., 1935, $2, 
1049. 
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over a 4-day period into subcutaneous areas remote from the crop- 
sacs. Here again we find another striking example of the impor- 
tance of route of injection. It is notable also that if subcutaneous 
instead of intramuscular injection were used in the “threshold” 
bioassay method of McShan and Turner? a unit of notably smaller 
size than that described by them would be expected, unless indeed 
seepage into the subcutaneous area normally occurs after their injec- 
tions into very superficial parts of the pectoral muscles of the pigeon. 

In our tests with the effect of route of administration on the 
potency of pituitary F.S.H. we have failed to obtain a significant 
difference (weights of testes of immature pigeons). And, again 
unlike prolactin, division of the daily dose of F.S.H. into 3 time- 
spaced injections failed to change the amount of the response of the 
testes. In the rat, however, Collip has found subcutaneous injection 
of gonadotropic hormone much more effective than intraperitoneal 
injection. 

Summary. In young pigeons of the same age and race the 
response of the crop-glands to prolactin administered by 5 different 
routes has been studied and found to differ widely. Subcutaneous 
and intracutaneous injections are about 11 times as efficient as intra- 
venous injections, about 5 times as efficient as intramuscular injec- 
tions, and about 8 times as efficient as intraperitoneal injections at 
the dosage level used. 
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Type-Specific Anti-M Precipitins in Rheumatic and Non-Rheu- 
matic Patients With Hemolytic Streptococcal Infections. 


Homer F. Swirt AND B. E. Hopce. 
From the Hospital of the Rockefeller Institute for Medical Research, New York. 


The thesis concerning the relationship between streptococcal infec- 
tions, rheumatic fever, and rheumatoid arthritis, rests in part on 
clinical observation and in part on a study of antibodies against 
streptolysins,’ fibrinolysins,? and various chemical components of 


8 McShan, W. H., and Turner, C. W., Proc. Soc. Exp. Bion. anp Mzp., 1936, 
34, 50. 

1 Todd, E. W., Brit. J. Exp. Path., 1932, 13, 248. 

2 Tillett, W. S., J. Bacteriol., 1935, 29, 111. 
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hemolytic streptococci. The chief of these components in respect of 
immunological classification have been described by Lancefield.* 
Under suitable conditions most group A hemolytic streptococci 
induce the formation of antistreptolysins, antifibrinolysins, anti-C 
precipitins, and anti-P precipitins; and these four antibodies have 
been demonstrated in the serum of patients with various strepto- 
coccal infections. Because they have also been found by some 
observers in a high proportion of patients with rheumatic fever,+*°® 
it has been suggested that there is a close connection between strep- 
tococcal infection and this disease. The demonstration of agglu- 
tinins against hemolytic streptococci®® and the existence of group A 
anti-C precipitins in the sera of patients with rheumatoid 
arthritis®®*® has, furthermore, indicated that the etiology of this 
disease may rest in part, at least, upon a streptococcal basis. 

None of these antibodies has a type-specific relationship; in other 
words, they may result from streptococcal infection with any mem- 
ber of group A of Lancefield. On the other hand, the protective 
action of an anti-streptococcal immune serum runs roughly parallel 
with its content of anti-M precipitin;' M appears to be the type- 
specific substance of group A hemolytic streptococci.? Until the 
present time, however, no reports have appeared dealing with the 
anti-M content of the serum of patients suffering from hemolytic 
streptococcal infection, nor of those with rheumatic fever, 

This information is most desirable, for it seems probable that 
elimination of part of the pathogenic action of these microorgan- 
isms depends upon the development of a suitable degree of type- 
specific immunity. 

This report deals with 2 groups of patients: (1) 24 suffering 
from streptococcal infections, without demonstrable rheumatic 
sequel; (II) 17 with streptococcal infections and rheumatic 
sequel. Group I consisted of 6 cases of otitis media, 4 of scarlet 


3 Lancefield, R. C., J. Hap. Med., 1928, 47, 91, 469, 481, 843, 857. 
4Coburn, A. F., and Pauli, R. H., J. Harp. Med., 1932, 56, 651. 
5 Coburn, A. F., and Pauli, R. H., J. Clin. Invest., 1935, 14, 769. 
6 McEwen, C., Bunim, J. J., and Alexander, R. C., J. Lab. and Clin. Med., 1936, 
21, 465. 
7 Cecil, R. L., Nicholls, E. E., and Stainsby, W. J., Am. J. Med. Sc., 1931, 
181, 12. 
8 Dawson, M. H., Olmstead, M., and Boots, R. H., J. Immunol., 1932, 28, 187. 
9 Dawson, M. H., Olmstead, M., and Jost, E. L., J. Immunol., 1934, 27, 355. 
10 Dawson, M. H., Olmstead, M., Proc. Soc. Exp, Bion. AND Mep., 1936, 34, 80. 
11 Lancefield, R. C., and Todd, HE. W., J. Eup. Med., 1928, 48, 769. 
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fever, 4 of tonsillitis, 5 of sore throat, and one of cervical adenitis.* 
The streptococci from 15 of these were obtained ftom throat- 
cultures; 6 were from pus from the middle ear, one from pleural 
exudate, one from a purulent lymph-node, and one from sputum. 
In group II the antecedent streptococcal infection was not always 
clear. There were 2 cases of otitis media, 2 of tonsillitis, 3 of sore 
throat, one of head cold, and in 8 the history of recent upper respira- 
tory infection was negative. The streptococci in 6 patients were 
obtained from the throat, in one from the middle ear, and in 10 
from the interior of excised tonsils. Throat cultures from these 10 
patients yielded too few hemolytic streptococci to be of significance. 

All the strains were shown by Dr. Lancefield-to belong to group 
A; they grew in matt colonies. The M precipitinogens were ob- 
tained from HCl extracts, which were neutralized and freed from 
group-specific carbohydrate, C, by 2 precipitations with alcohol.*® 

Sera were collected at irregular intervals from one week to 7 or 8 
months following the onset of illness. The specimens from patients 
with uncomplicated streptococcal infections, as a rule, were obtained 
earlier than those from the rheumatic patients, for the latter were 
not usually seen until rheumatic symptoms had existed for a few 
days to a week or more. On the other hand, the rheumatic patients 
were sick longer; and hence specimens were obtained over a longer 
period. In addition to the test for homologous anti-M precipitins, 
tests were made to detect heterologous anti-M precipitins, anti-C, 
and anti-P precipitins, and anti-streptolysins. The titer of the 
latter ranged from 25 to 1,200 or 1,600 units per cc. of serum, with 
a median of 200 to 250 units; no significant difference was found 
between the rheumatic and non-rheumatic groups. 

Table I gives the cumulative totals by weeks, of the various 
strengths of homologous anti-M precipitins developed by the two 
groups of patients. It is arranged so that any given degree of reac- 
tion is indicated in the same category as that in which it was orig- 
inally detected until there was a change to another category. No 
attempt was made to continue the tests until the reactions became 
negative. This arrangement of the table permits a comparison of 
the time the’ stronger degrees of reaction appeared. 

There is an obvious difference in the 2 groups. From relatively 


* We are indebted to Dr. Currier McEwen for the cultures and serum from 
some of the patients with tonsillitis; and to the Medical Board of Willard Parker 
Hospital for the privilege of studying the scarlatinal patients. 

12 Todd, E. W., Brit. J. Hxp. Path., 1928, 9, 1. 
13 Lanecefield, R. C., J. Hxp. Med., 1928, 47, 91. 
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few + or ++ reactions in group I during the first 2 weeks the ratio 
shifted so that 70% were of this strength by the 4th week and over 
80% by the 5th week. 

In group II the period indicated was dated from the onset of 
rheumatic symptoms rather than from the onset of streptococcal 
infection, as was done in group I. This was necessary because the 
patients were not seen until after rheumatic symptoms had devel- 
oped. To make the timing in the 2 groups comparable, from 1 to 3 
weeks should probably be added to each period charted in group II. 

Four patients in group II had strong reactions when examined 
the second week. One of them had otitis media, one tonsillitis, and 
2 rather severe sore throats. These 4 had relatively mild rheumatic 
fever, with persistently anti-M reactions. Among the remaining 
13 patients, strong reactions did not appear until distinctly later 
than was the case in group I; and not until the 3rd month were over 
80% included in the + and +-++ categories. In some patients 
anti-M reactions did not become even + until the 4th or 5th month, 
at a time when recovery was taking place. Other patients with 
persistent + reactions had prolonged low-grade rheumatic infec- 
tion. 

As the readings recorded were made after 48- or 72-hour stand- 
ing in the ice-box in addition to 2-hour incubation at 37°, and not 
after centrifugalization, it is felt that the +-++ reactions have real 
significance. Incidentally it may be noted that readings not recorded 
here were also made after centrifugalizations, and that they were 
usually stronger than those charted. When a reaction no stronger 
than + was detected it is possible that this reaction might have been 
due to some other antibody of unknown nature. Such a reading 
indicated, however, that the patient had not developed strong type- 
specific immune bodies. On the other hand, because the appearance 
and intensity of these reactions was not paralleled by the presence 
of other types of precipitins, we felt that they were due to specific 
anti-M antibodies. The full significance of their occurrence cannot 
be definitely determined with the data at hand. Their presence in 
non-rheumatic patients indicates that they were probably not 
responsible for rheumatic manifestations. In fact, the relatively 
mild rheumatic symptoms among rheumatic patients who early 
showed strong anti-M reactions, and the tendency, in some instances, 
towards recovery at the time of the appearance or increase in 
strength of the type-specific antibody, indicate that the presence of 
this antibody had a favorable implication. 
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Summary. The development of typé-specific anti-M precipitins 
was studied in 2 groups of patients suffering from hemolytic strep- 
tococcal infections. Most of the patients in group I, none of whom 
developed rheumatic fever, showed relatively strong type-specific 
reactions in their serum by the 4th or 5th week after the onset of 
infection. The members of group II all developed rheumatic fever; 
some had similar strong antibodies early; but most rheumatic pa- 
tients from whom hemolytic streptococci were obtained in significant 
numbers did not show strong anti-M precipitins until distinctly later 
than was the rule for the non-rheumatic group. 
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Rate of Urinary Excretion of Test Doses of Ascorbic Acid. 


EstELLeE E. HAwLEy* AND DorAN J. STEPHENS. 


From the Departments of Pediatrics and Medicine, University of Rochester School 
of Medicine and Dentistry, Rochester, N. Y. 


Studies of the urinary excretion of test doses of ascorbic acid 
have been concerned for the most part with the total amount ex- 
creted during the 24-hour period following the administration of 
the vitamin C preparation. A few isolated observations’” have 
indicated that a large portion of the total amount excreted appears 
in the urine during the first few hours after the test dose is given. 
This report presents the results of a detailed study by the authors 
of the rate of excretion of test doses of ascorbic acid, administered 
by mouth and intravenously, under conditions of vitamin C deple- 
tion and saturation. 

Test doses of 100 or 200 mg. of ascorbic acid were given in the 
form of orange juice or crystalline ascorbic acid} by mouth, and in 
the form of crystalline ascorbic acid intravenously, to subjects whose 


* Aided by a grant from the California Fruit Growers’ Exchange. 

1 Harris, L. J., Biochem. J., 1933, 27, 2011. 

2 Johnson, 8. W., and Zilva, 8. 8., Biochem. J., 1934, 28, 1393. 

3 Harris, L. J., and Ray, S. N., Lancet, 1935, 1, 71. 

4 Schroeder, H., Klin. Wehnschr., 1935, 14, 484. 

5 Hawley, E. E., Stephens, D. J., and Anderson, G. K., J. Nutrition, 1936, 
11, 135. 

t We are indebted to Merck & Co. for the crystalline ascorbic acid (‘‘Cebione’’) 
used in these experiments, 
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states of vitamin C saturation were known. For the most part, 
states of vitamin C depletion or “unsaturation” followed the inten- 
tional administration of a diet low in anti-scorbutic foods for several 
days. States of vitamin C saturation were induced by the adminis- 
tration of large amounts of orange juice until a large part of the 
daily test dose appeared in the 24-hour urine specimens. For the 
experiments here reported, urine specimens were collected at hourly 
intervals for six hours after the administration of the test dose, 
then in 2 3-hour periods. Urine voided between the 12th and 24th 
hours was pooled in a single 12-hour sample. Each specimen of 
urine was placed immediately after voiding in a dark brown, stop- 
pered bottle containing glacial acetic acid. It was then placed in 
the ice-box until titrated. The ascorbic acid content was determined 
by titration against a standardized solution of 2:6 dichlorophenol- 
indophenol according to the method described by Birch, Harris and 
Ray.® In all instances, the titrations were carried out on the same 
day, usually within one hour after voiding. 


UNSATURATED SATURATED 


200 MGM. P.0. 200 MGM. PO. 


TOTAL 24 HR. 
EXCRETION = 179 MGM 177 MGM. 


MGM ASCORBIC ACID PER HOUR 


25.3 MGM. 


0 5 10 15 20 0 5 10 15 20 


HOURS AFTER ADMINISTRATION OF TEST DOSE 


Fig. 1. 
Hourly excretion of ascorbic acid after four comparable test doses given to 
subject L.B. 


Fig. 1 presents typical urinary responses to 4 comparable test 


6 Birch, T. W., Harris, L. J., and Ray, S. N., Biochem. J., 1933, 27, 590. 
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doses given to a single individual and Shows in graphic form the 
hourly excretion of ascorbic acid given orally and intravenously, 
in the unsaturated state and after saturation with orange juice. The 
results of 50 such experiments in unsaturated and saturated subjects 
are summarized in Fig. 2 which shows the composite curves of the 


COMPOSITE CURVES OF CUMULATIVE HOURLY EXCRETION 
OF A TEST DOSE OF VITAMIN C 


% TEST DOSE EXCRETED 


% TOTAL 24 HR. EXCRETION 


5 10 15 20 
HOURS AFTER ADMINISTRATION OF TEST DOSE 
o-—=0 BY MOUTH — INTRAVENOUSLY 


Fig. 2. 
Summary of 50 experiments, showing the rate of excretion of test doses of 
ascorbic acid administered by mouth and intravenously to saturated and unsat- 
urated subjects. 


cumulative hourly excretion of test doses of ascorbic acid expressed 
as % of the test dose which was excreted and as % of the total 
24-hour excretion. 

It has been repeatedly shown that the administration of a large 
test dose of ascorbic acid to a subject whose stores have been de- 
pleted of vitamin C results in the excretion of an amount of ascorbic 
acid but little, if any, larger than that excreted during a control 
period without the test dose. In such subjects only a very slight 
increase in the rate of excretion occurred during the first few hours 
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after the test dose was given (Fig. 2). After intravenous admin- 
istration, the rate of excretion was only slightly greater than when 
the vitamin C was given by mouth. Even after the introduction of 
the ascorbic acid directly into the blood stream it was apparently 
removed from the circulation so rapidly that only a very small por- 
tion of the test dose found its way into the urine. 

In the subjects who had been taking large amounts of orange 
juice, from 40 to more than 100% of the test dose appeared in the 
urine within 24 hours. These individuals excreted a large portion 
of the ascorbic acid within the first few hours after it was given. 
After intravenous administration, maximum excretion occurred 
during the lst and 2nd hours.. When the ascorbic acid was given 
by mouth, maximum excretion occurred during the 3rd, 4th, 5th, 
and 6th hours after administration. Delay occasioned by the ab- 
sorption of the ascorbic acid from the gastro-intestinal tract was 
apparently responsible for the differences in the rate of excretion 
observed after oral and parenteral administration. 

The composite curves of cumulative hourly excretion calculated 
as % of the total 24-hour excretion are of particular interest. When 
the test dose was given orally to subjects who had been partially 
depleted of vitamin C, approximately 47% of the total 24-hour 
excretion appeared in the urine by the end of the 6th hour, 67% 
by the end of the 12th hour. When the test dose was given intra- 
venously to similar subjects, 60% of the total 24-hour excretion ap- 
peared in the first 6 hours, 75% in 12 hours. In the saturated sub- 
jects, 40% of the total amount excreted in 24 hours appeared in 
the urine within 2 hours after intravenous administration of the 
test dose, 72% by the end of the 6th hour and 85% by the end of 
the 12th hour. When the test dose was given by mouth, the cor- 
responding percentages for the 2nd, 6th and 12th hours were 14, 55 
and 81 respectively. It is apparent that the first 12 hours after the 
administration of a test dose of ascorbic acid are the most important 
from the point of view of urinary excretion, regardless of the state 
of saturation or the method of administration of the test dose. 


Summary. The rate of excretion of ascorbic acid was deter- 
mined after the oral and intravenous administration of test doses 
to unsaturated and saturated subjects. In those subjects whose 
reserves of vitamin C had been depleted, there was only a slight 
increase in the rate of excretion during the first few hours, regard- 
less of the method of administration. In saturated subjects, an 
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average of 80 to 85% of the total 24-hotir excretion occurred during 
the first 12 hours after administration of the test dose. When the 
latter was given intravenously, maximum excretion occurred during 
the Ist and 2nd hours. After oral administration, maximum excre- 
tion occurred during the 3rd, 4th, 5th, and 6th hours. 
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Properties of Different Fibrinolysins Produced by Streptococci. 


E. WITEBSKY AND E. NETER. 


From the Bacteriological and Serological Laboratories of the Beth Israel Hospital, 
New York City. 


Tillett and Garner’ reported that hemolytic streptococci and some 
strains of staphylococci produce a fibrinolytic substance; this ob- 
servation was corroborated by Schmidt.? But, Tunnicliff* found 
some strains of S. viridans to be fibrinolytic, and Madison* reported 
fibrinolysin-production by B. pestis. In a previous paper’ the pro- 
duction of fibrinolysin by S. hemolyticus and viridans, enterococcus, 
pneumococcus and others was described. The discrepancy in these 
results may be explained by differences in the culture media em- 
ployed: When 0.05% glucose-broth or 5% serum-broth was used, 
hemolytic streptococci only produced the fibrinolysin; when culti- 
vated in 2% glucose-broth, however, various kinds of microérgan- 
isms proved to be fibrinolytic. The experiments to be reported are 
concerned with the question whether the fibrinolysins obtained in 
these media have different properties. 

Technic. Infusion broths, containing 1% peptone, 0.05% and 
2% glucose, respectively, with pH 7.4, were employed. Strains 
from human sources were incubated for 18 hours at 37° C. The 
supernatant fluid was tested for fibrinolytic activity according to 
the usual technic.* 

Plasma was obtained by mixing 10 cc. of normal human blood 
with 1 cc. of 2% solution of potassium oxalate; it was stored in 
refrigeration not longer than 48 hours; supernatant fluid of a cul- 


1 Tillett, W. S., and Garner, R. L., J. Exp. Med., 1933, 58, 485. 

2Schmidt, H., Zettschrift fiir Immunitaetsforschung, 1936, 87, 1. 

3 Tunnicliff, R., J. Infect. Dis., 1936, 58, 92. 

4 Madison, R. R., Proc. Soc. Exp. Bron. AND Memp., 1936, 34, 301. 

5 Neter, E., and Witebsky, E., Proc. Soc. Exp. Bron. AND Mep., 1936, 34, 549. 
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ture (0.5 cc.) was mixed with 1 cc. of 1:5 dilution of human 
plasma; then 0.25 cc. of a 0.25% solution of calcium chloride in 
normal saline was added. The mixtures were shaken thoroughly, 
kept at 37° C., and the results read at various intervals. 

Results. In the first experiment, 2 different strains of S. hem- 
olyticus, one producing the fibrinolysin in 2% glucose-broth* but 
not in 0.05% glucose-broth, and the other in 0.05% glucose-broth, 
were incubated in 2% glucose-broth and 0.05% glucose-broth, 
respectively, for 18 hours at 37° C. The supernatant fluids of these 
cultures, in decreasing amounts (volume 0.5 cc.), were tested for 
fibrinolytic activity. 

Table I shows that the 2% glucose-broth culture of strain 693 is 
fibrinolytic only when used undiluted, and that a dilution of 1:3 is 
ineffective; the 0.05% glucose-broth of strain 2327 is fibrinolytic 
up to a dilution of 1:81 after 90 minutes, and up to 1:243 after 24 
hours. Further, strain 693, in 2% glucose-broth, inhibits the coag- 
ulation of plasma constantly, while with strain 2327, in 0.05% 
glucose-broth, clotting of the plasma occurs first, and lysis then 
follows. 

Many strains of hemolytic streptococci produce fibrinolysin in 
0.05% as well as in 2% glucose-broth. When such strains were 
tested for fibrinolytic activity, it was found that both produce potent 
fibrinolysin and cause secondary lysis of previously clotted plasma. 
The fibrinolysin produced by such strains in both media belongs to 
the 0.05% glucose-broth type. 

Because Tillett® found that the fibrinolysin produced by hemolytic 
streptococci of human origin in 0.05% glucose-broth is effective 
toward human plasma only, it was of interest to determine whether 
the specificity for human plasma also applied to the 2% glucose- 
broth fibrinolysin. For this purpose, 2 strains of hemolytic strep- 
tococci—one (693) producing fibrinolysin in 2% glucose-broth 
only, the other (1755) in 0.05% glucose-broth—were incubated in 
the respective glucose-broths for 18 hours at 37° C. The super- 
natant fluid of these cultures was tested for fibrinolytic activity 
toward human as well as rabbit and guinea-pig plasma. Strain 693, 
in 2% glucose-broth, inhibited the coagulation of human, rabbit, 
and guinea-pig plasma. Strain 1755 in 0.05% glucose-broth dis- 
solved human but not rabbit or guinea-pig clot. Strains of hem- 

* The 2% glucose-broth was used as representative of broths with higher con- 
centrations of glucose; as reported previously,5 it is possible to reduce the glucose- 


concentration to 0.4% and still obtain fibrinolysin from these strains. 
6 Tillett, W. 8., J. Bact., 1935, 29, 111. 
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olytic streptococci capable of producing fibrinolysin in 2% as well 
as in the 0.05% glucose-broth were found to be lytic for human 
plasma clots only. 

The fibrinolysin produced in 2% glucose-broth only, is not altered 
by being heated at 60° C. for an hour. The fibrinolysin of the 
0.05% glucose-broth is also heat-stabile; this corroborates the find- 
ings of Garner and Tillett.’ On the other hand, according to 
Schmidt,*? the fibrinolysin obtained in 5% horse-serum broth is 
almost completely destroyed by this procedure. These results sug- 
gest the existence of even more than 2 types of fibrinolytic agents 
of bacterial origin. 

Tillett and Garner, Van Deventer,*® and Schmidt? demonstrated 
that the fibrinolysins produced by hemolytic streptococci in 0.05% 
glucose-broth and 5% horse-serum broth may be neutralized by 
certain streptococcal antisera. Experiments were therefore under- 
taken to ascertain the influence of streptococcal antiserum upon the 
2% glucose-broth fibrinolysin of hemolytic streptococci. 

Two different strains of S. hemolyticus—one producing the 
fibrinolysin in 2% glucose-broth only, the other in 0.05% glucose- 
broth—were cultivated in the respective glucose-broths. A prelim- 
inary titration was performed with the supernatant fluids. In this 
experiment the 2% glucose-broth culture was used undiluted, 
the 0.05% in a dilution of 1:10. Both broths (volume 0.5 cc.) 
were mixed with decreasing amounts (0.5 cc.) of normal human 
spinal fluid, normal horse-serum and streptococcal antiserum ;} the 
mixtures were incubated for an hour at 37° C. Then lcc. of a 1:5 
_ dilution of human plasma and 0.25 cc. of 0.25% calcium-chloride 
solution were added. The results are given in Table IJ. 

Table II shows that the effectiveness of fibrinolysin produced by 
strain 693 in 2% glucose-broth is inhibited by undiluted spinal fluid, 
undiluted normal serum and streptococcal antiserum; the potency 
of the antiserum does not exceed that of normal serum. In con- 
trast, the streptococcal antiserum has a very marked neutralizing 
effect upon the fibrinolysin produced in 0.05%  glucose-broth, 
although the influence of normal spinal fluid and normal serum upon 
this type of fibrinolysin is almost negligible. 

The fibrinolysins produced in 2% glucose-broth by S. viridans, 
enterococcus and pneumococcus inhibited constantly the clotting of 
both human and animal plasma, but only when undiluted culture 

7 Garner, R. L., and Tillett, W. S., J. Hap. Med., 1934, 60, 239. 

8 Van Deventer, J. K., Proc. Soc. Exp. Bion. AND MeEp., 1935, $2, 1117. 

tSearlet Fever Streptococcal Antitoxin, Lederle. 
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was used. Attempts to neutralize these fibrinolysins by means of 
specific antisera (especially with type-specific pneumococcal serum 
and its corresponding strain) thus far were not successful. The 
fibrinolysins of these microorganisms have the same properties as 
the fibrinolysin which is produced by hemolytic streptococci in 2% 
glucose-broth only. 

Conclusions. 1. Hemolytic streptococci of human origin, when 
tested for fibrinolytic activity in 2% and 0.05% glucose-broths, may 
be classified in one of the following groups: (a) production in 2% 
only; (b) in 0.05% only; (c) in both 2% and 0.05%; and 
(d) no production in either. 

Properties of the 2% glucose-broth fibrinolysin (a): This type 
of fibrinolysin inhibits clotting; it is effective toward human and 
animal plasma, but only when used undiluted; it is thermostable; 
and was not neutralized by specific streptococcal antisera. 

The fibrinolysin of groups (b) and (c), even in high dilutions, 
lyses human plasma but not animal plasma; it is thermostable, and 
may be neutralized by streptococcal antisera. 

Serum-broth fibrinolysin resembles 0.05% glucose-broth fibrin- 
olysin, but is heat-labile. 

2. S. viridans, enterococcus, and pneumococcus, when cultivated 
in 2% glucose-broth, may produce a fibrinolysin which has the same 
properties as the fibrinolysin produced by hemolytic streptococci in 
2% glucose-broth. 


TABLE III. 
Properties of Different Fibrinolysins Produced by Streptococci of Human 
Origin in 
al II III 
2% gilucose-broth 0.05% glucose-broth Serum-broth 
Not specific for Strep- Specifie for Strepto- Specific for Streptococcus 
tococcus hemolyticus coccus hemolyticus hemolyticus 
Inhibition of plasma Fibrinolysis Fibrinolysis 
coagulation 
Low titer High titer High titer 
Lysis of human and Lysis of human plasma Lysis of human plasma 
animal plasma only only 
Heat-resistant Heat-resistant Heat-labile 
Not neutralized by strep- Neutralized by strep- Neutralized by strepto- 


tococeal antiserum tococeal antiserum coceal antiserum 


864 
8821 P 


Experimental Hypertrophy Without and With Digitalization on 
Creatine Content of Rabbit Hearts.* 


GrorcE M. DECHERD, JR., GEORGE HERRMANN AND E, H. ScHwas. 


From the Department of Medicine, University of Texas, Galveston. 


In the type of cardiac hypertrophy resulting from nutritional 
anemia,’ or following thyroid administration,? produced in rats, 
the percentage of creatine in the heart muscle has been found to 
drop; the total amount of creatine in the whole heart seemed to 
remain the same, the percentage decreasing as the heart muscle 
increased in weight. Ina preliminary note,® we have recorded the 
creatine values in hearts in which hypertrophy has been produced 
by a different method. Using rabbits, the aortic leaflets were torn 
or punctured, thus producing experimental aortic regurgitation. 
The degree of hypertrophy has been determined by comparing the 
Heart-weight/Body-weight ratio with our previously established 
normal value. The animals were of nearly the same age, and 
weighed around 3,000 gm. at the completion of the experiment. 
Creatine determinations were made following the technique of 
Seecof, Linegar and Myers.° In Table I summarized are 
the creatine values for the completed series of these animals. Some 
of them have been digitalized, in order to note the effect of this 
drug on hypertrophy; the remainder have had no digitalis. A con- 
trol group was injected with digitalis, without having been oper- 
ated upon. 

In animals weighing from 2,500 to 3,500 gm., the normal hearts 
contain 176 mg.% creatine, with a standard deviation of 15.8 mg.%. 
Solids average 22.1%, S. D. 1.4%. The creatine calculated on the 
basis of dried weight averaged 825 mg.% +80 mg.%. In the hyper- 
trophied hearts, the average value is slightly higher, with a tendency 
for the higher values to be found in hearts with moderate hyper- 
trophy, dropping to normal or slightly below as the grade of hyper- 


* Aided by Grant 349 of the American Medical Association. 

1 Cowan, D. W., Proc. Soc. Exp. Bion. AND Merp., 1934, 31, 417. 

2 Cowan, D. W., Am. J. Physiol., 1934, 109, 312. 

3 Decherd, G., Schwab, E, H., Herrmann, G., and Brown, W. O., Proc. Soc. 
Exp. Biot. AND Mep., 1936, 38, 521; Herrmann, George, Decherd G., Schwab, 
E. H., and Erhard, P., Proc. Soc. Exp. Bron. anD Mmp., 1934, 38, 522. 

4 Herrmann, G., Decherd, G., Erhard, P., and Schwab, E. H., Proc. Soc. Exp. 
Bion. AND MeEp., 1935, 33, 409. 

5 Seecof, D. P., Linegar, C. R., and Myers, V. C., Arch. Int. Med., 1934, 58, 574. 
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trophy increased. This means that the’absolute amount of creatine 
in such hypertrophied hearts is definitely increased. 

In those digitalis control animals who received 0.1 cat unit twice 
weekly, injected as Digalen or Digifoline, there was a distinct 
increase in the cardiac creatine content. Those that received larger 
doses, namely 0.3 or 0.5 cat unit, showed no relative elevation. 

In one group of digitalized hearts there was found a definite but 
small lesion, the grade of cardiac hypertrophy being doubtful, how- 
ever, when judged by the ratio of heart weight to body weight. 
These hearts show markedly elevated creatine values. In the digi- 
talized hearts with distinct hypertrophy, the degree depending on 
the size of the experimental lesion, there is on the average slightly 
higher creatine percentage than normal, demonstrating again the 
fact that there is an absolute increase in the amount of creatine in 
these hypertrophied hearts. 
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Studies in Histochemistry. VIII. Relationship Between Con- 
centration of Vitamin C and Development of Pineal Gland. 


Davip GLICK AND GERSON R. BISKIND. 


From the Pathological and Research Laboratories of the Mount Zion Hospital, 
San Francisco. 


Although there have been many investigations of the occurrence 
of vitamin C in animal tissues in recent years, there have been no 
studies, as far the authors have been able to ascertain, of the vitamin 
C in the pineal gland. This probably is due to the fact that the 
gland is very small and usually difficult to obtain. In the fully 
developed cow it weighs but a few hundred mg. 

It should be of interest to compare the vitamin C content of the 
pineal with that of other nervous tissues or organs of internal 
secretion such as the adrenal medulla, pars nervosa of the hypo- 
physis, and brain, all of which are somewhat related embryolog- 
ically. It should also be desirable to determine the concentration of 
vitamin C in the pineal gland in relation to its various stages of 
development from fetus to adult. The presentation of these deter- 
minations and comparisons is the purpose of the present investiga- 
tion. 

Using the Linderstrém-Lang, Holter microtitration apparatus,'? 
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and the micromethod for the estimation of vitamin C with 2,6- 
dichlorophenol indophenol’, it was found that many determinations 
might be made on each gland with sufficient material left over for 
histological study as well. 

The advantage of employing bovine tissue for this investigation 
depends (as in the case of the other organs studied) upon histo- 
logical similarity to the human gland, availability in the fresh state, 
and, particularly in this case, convenient size As usual the glands 
were stored at —5”, and used for titration within one day. 

When possible, a cylinder of tissue was cut out of the widest part 
of the pineal with a cork borer having a diameter of 4.2 mm., and 
the tissue was mounted on a freezing microtone, sections 30 » thick 
were made, and every 5th section taken for titration. Because of 
the thinness of the gland, usually only 5 titration sections could be 
obtained in this manner, but the tissue was so homogenous that the 
titration values of the sections from any one pineal did not vary 
more than 0.20 c.mm. The accuracy fell with the lower titration 
values, but the low concentration of the vitamin in this gland makes 
lowered accuracy inevitable. 

However, the pineals from fetuses, calves, and some of the cows 
were too small to permit use of the cork borer for sampling. In 
these cases the whole gland was frozen on the head of the micro- 
tone, and tissue was trimmed away with a scalpel so as to leave a 
block of tissue with a rectangular cross section on the microtome. 
The dimensions of this rectangle were determined with a vernier 
caliper so that the volume of each 30 » section might he obtained. 
The smallest sections made in this manner were 4.5 x 3.1 mm., and 
the largest 8.0x 4.8 mm. The tissue trimmings were saved for his- 
tological examination, as were the portions of tissue from the 
larger pineals left after removing the samples with the cork borer. 

The material saved for histological examination was fixed in 
Bouin’s fluid, embedded in paraffin, sectioned, stained with hema- 
toxylin and eosin, and mounted. 

The histological changes that occur in the development of the 
bovine pineal gland as demonstrated by the hematoxylin-eosin stain 
are briefly summarized: In the 40 cm. fetus (5.2 months old) the 
pineal is composed of small clusters or rosette-like arrangements 
of cells that have a uniform appearance. They are separated by a 


1 Linderstrém-Lang, K., and Holter, H., in Nord, F. F., and Weidenhagen, R., 
Ergebrisse der Enzymforschung, Leipsig, 1934, 3, 309. 

2 Glick, D., J. Chem. Hduc., 1935, 12, 253. 

8 Glick, D., J. Biol. Chem., 1935, 109, 433. 
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scant fibrillar substance. In the 80 cm. fetus (8 months old) the 
cells have a more distinct rosette arrangement, but they are slightly 
larger; cells are often situated around the capillaries. In the calf 
the several types of cells are uniformly distributed between irreg- 
ular bundles of fibrillar material and the rosette formations have 
disappeared. In the adult this variety of cell types is more clearly 
distinguished, and glial fibrils are present. 

From Table I it may be seen that the vitamin C concentration 
increased from 0.15 mg. per gm. of tissue in the 5.2-months fetus 
to a maximum of 0.27 mg. per gm. in the 8-months fetus. The con- 
centration then decreases through the calf to the adult stage, reach- 
ing its lowest level of 0.07-0.12 mg. per gm. in the older animals. 
Thus the general principle that the vitamin C concentration in or- 
gans falls with increasing age as demonstrated by King and cowork- 
ers,* von Euler and Klussmann,’? and Plaut and Bilow,° ap- 
plies to the pineal gland as well. The apparent exception to this 
rule in the case of the thymus, if only the glandular tissue is con- 
sidered, has been pointed out in a preceding paper." 

If a comparison is made of the vitamin C concentrations of the 
brain®® and pineal gland, it is found that they are approximately 
the same. These values however are much lower than those ob- 
served for the adrenal medulla® or pars nervosa of the hypophysis.*® 
Hence there appears to be no relationship between the vitamin C 
concentration in nervous tissues in different parts of the body. 

It is not known whether vitamin C is involved in the production 
or function of the hormone found in the pineal gland. But it may 
be considered probable that the vitamin is concerned with the 
respiration of the pineal tissue just as it seems to be concerned with 
the respiration of brain tissue.* 

Summary. The concentration of vitamin C has been determined 
in the bovine pineal gland at various stages of development from 
the early fetus (just over 5 months old) to the adult. Histological 
examinations have been made at these various stages in an attempt 
to correlate the cellular state with the concentration of vitamin C 
present. 

4 Yavorsky, M., Almaden, P., and King, C. G., J. Biol. Chem., 1934, 106, 525. 

5yvon Huler, H., and Klussmann, E., Z. physiol. Chem., 1938, 217, 167; 1933, 
219, 215. 

6 Plaut, F., and Biilow, M., Z. Neurol., 1935, 152, 84. 

7 Glick, D., and Biskind, G. R., J. Biol. Chem., 1936, 114, 1. 

8 Plaut, F., and Stern, K., Naturwissenschaften, 1935, 28, 557. 

9 Glick, D., and Biskind, G. R., J. Biol. Chem., 1935, 110, 1. 


10 Glick, D., and Biskind, G. R., J. Biol. Chem., 1935, 110, 583. 
11 Malmberg, M., and von Euler, H., Z. physiol. Chem., 1935, 235, 97. 
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Effect of Administration of Desiccated Thyroid During 
Pregnancy in the Albino Rat. 


D. N. DanrortH anv S. Loumos. (Introduced by A. C. Ivy.) 


From the Department of Physiology and Pharmacology, Northwestern University 
Medical School, Chicago. 


Several years ago the observation was made by one of us (S.L.) 
that pregnant rats which received desiccated thyroid did not show 
the rather marked reduction in weight noted in similarly treated 
animals which were not pregnant. This observation has been ex- 
tended and the rate of oxygen consumption under comparable con- 
ditions has been determined. 

Methods. Thirty-three young, mature rats of approximately the 
same weight (180 gm.) and age and from the same colony were 
used. These were divided into 3 groups of 10, 11, and 12 rats 
respectively. After a period of 5 days of control feeding of the 
same amount (15 gm. daily) of a standard diet (Steenhock), they 
were assumed to be in a normal, pre-experimental condition. All 
rats received the same diet and the amount given above. The only 
variables in the three tests were pregnancy and the feeding of desic- 
cated thyroid. 

The first group were not mated and received in their diet daily 
100 mg. of desiccated thyroid. This was continued for a period of 
16 days, during which time body weight and rate of O, consump- 
tion were determined at 2- to 3-day intervals. This group served 
as thyroid-fed, non-pregnant controls, a 16-day period being chosen 
because that was the period of treatment and observation in the 
thyroid-fed, pregnant animals. 

The second group were mated and given the same diet without 
thyroid. Determinations of O. consumption and body-weight were 
started after mating and continued to delivery. This group served 
as non-thyroid fed, pregnant controls. 

The third group were mated and given the same diet with thyroid. 
The thyroid was not given until from 5 to 10 days after placing 
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It is for this reason that the 16-day period of thyroid 
tray, the former resting on a wooden base. 
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feeding is shown in the figure. 
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The apparatus used for measuring oxygen consumption was a 


the female with the male, or until we were certain that the rats were 
closed system 


pregnant. 


The base was perforated 


by a copper tube connected to a spirometer from which readings of 


cc. of O. used could be measured directl 


y. The rats were fed about 


4 p.m. and the O. consumption determined about 12 a.m. 


This was 


consumption and believed that more comparable rates could be ob- 


done because we were interested only in comparative rates of O: 
tained in “hyperthyroid” 


rats by not fasting them for 16 or 24 hrs., 


lly done in determining basal metabolism. The rate of O 
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is expressed in cc. of O, per 200 


consumption in the graph (Fig. 1) 
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gm. of body-weight per hr. for purposes of comparison, the data 


being shown to be statistically significant. 


Of course, the non-pregnant rats fed 


Results. 


ring a 12-day period of thyroid 


Loss of weight. 


thyroid (Group 1) lost weight. Du 


How- 


a comparable 
(av.) per 200 


em. of body-weight. 
g the entire period of pregnancy the 


ever, the pregnant rats fed thyroid (Group III) durin 


feeding, they lost 24 gm. (av.) per 200 


g 
ht, but gained 47 gm. 


Is 


12-day period did not lose we 


gm. (av.). 


Durin 
non-thyroid fed, pregnant controls (Group IT) gained 61 


gm. of body weight. 


1 Tainter and Rytand, Proc. Soc. Expr. Bion. AND Mep., 1934, 32, 361. 
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Thus, pregnancy prevents loss of weight in the rat receiving 100 mg. 
of desiccated thyroid per day; in fact, the pregnant rats receiving 
this dose of thyroid actually gained about as much weight as the 
pregnant controls for an analogous period of time. (The 15 gm. 
daily ration was entirely consumed by the thyroid-fed rats, but not 
always by the non-thyroid-fed. ) 

Oxygen consumption. The averaged results of the O, consump- 
tion rates are shown in the accompanying figure. By the method 
we employed, pregnancy had little effect on the rate of O. consump- 
tion (Curve B, graph). By comparing curves A and C, it is clear 
that the rate of O, consumption in the thyroid-fed, non-pregnant 
control rats was definitely greater than that of the thyroid-fed, preg- 
nant rats, both of which groups received the same amount of food 
and thyroid daily. On comparing Curve A with Curve B it is 
evident that the thyroid fed to the pregnant rats (Curve A) 
increased somewhat the rate of O, consumption. In all probability 
had the dose of thyroid been smaller, Curve A would have approxi- 
mated Curve B. Thus, by determining that amount of thyroid fed 
to a pregnant rat which would not cause an elevation in O, consump- 
tion, one might approximate or obtain an index of the extra-demand 
for thyroid secretion created by the state of pregnancy. 

Summary and conclusions. Three groups of mature female rats 
of approximately the same age and weight and from the same colony 
were placed on the same amount of a standard diet. One group 
served as thyroid-fed (100 mg. desiccated thyroid), non-pregnant 
controls; the second group served as non-thyroid fed, pregnant con- 
trols; the third group, for about 16 days prior to parturition, received 
100 mg. desiccated thyroid daily. The first group lost 24 gm. (av.) 
of weight in 12 days and the O, consumption markedly increased ; 
the second group gained 61 gm. of weight during the entire period 
of pregnancy and the O, consumption did not change appreciably ; 
the third group gained 47 gm. during the comparable period of 12 
days used in the first group, and the O, consumption was increased, 
but not to the extent as in the first group. Thus, according to the 
criteria of body weight and O, consumption pregnant rats are more 
tolerant to desiccated thyroid than non-pregnant rats. The mech- 
anism of the increased tolerance remains for the present unknown. 
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Changes Occurring in the Blood Picture During Fetal Life. 


Juztia Mary Jones, Mary E. Suipp anp Tuomas A. GonDER, JR. 
(Introduced by F. H. Swett.) 


From the Department of Anatomy, Duke University School of Medicine. 


While studying the blood of newly born infants, the characteris- 
tics of the blood picture at that period were observed to differ from 
those of the adult in a very interesting manner. In brief, the ery- 
throcytes were present in greater numbers, were of greater mean 
volume, and the hemoglobin content was higher than normally seen 
in human adults. These observations raised the question concern- 
ing the nature of the factors which effect those alterations between 
the blood pictures of the 2 periods of life. The possibility was also 
suggested that a clear understanding of these factors might aid in 
the elucidation of the mechanisms of various blood dyscrasias of 
adult life. With these ideas in mind it seemed advisable to estab- 
lish first the normal course of blood changes which occur in the fetus 
during intra-uterine life, and then later to investigate the mechanism 
of their production. The present work deals with a series of blood 
studies on embryos of the domestic pig, Sus scrofa. 

This experimental animal was chosen because its blcod is very 
similar to that of the human and because experimentation of recent 
years has demonstrated the presence of the so-called anti-anemic 
principle in the mucosa of the hog stomach. This latter fact sug- 
gested the possibility that this substance may exert a similar con- 
trolling effect on the hematopoietic function in the pig and in the 
human—as well as in various other animals less adaptable to lab- 
oratory experimentation. Support has been given to this idea by 
the work of Miller and Rhoads who, working with the pig, pro- 
duced a form of hyperchromic anemia with associated gastric an- 
acidity by means of dietary restriction. Extract made from the 
livers of these anemic animals was not therapeutically effective when 
administered to patients suffering from pernicious anemia. 

While work on the present series was in progress, Wintrobe and 
Shumacker? published a large series of blood studies on fetuses of 
various animal species, including the pig. Our findings corroborate 
their observations on the latter, and since a thorough review of the 


1 Miller, D. K., and Rhoads, C. P., J. Clin. Invest., 1935, 14, 153. 
2 Wintrobe, M. M., and Shumacker, H. B., Jr., Am. J. Anat., 1936, 58, 313. 
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pertinent literature was included in their. paper it will be omitted 
here. 

Pig embryos were obtained from the abbatoir immediately after 
they had been removed from the parent animal, and the hearts were 
still beating when blood specimens were drawn by cardiac puncture. 
The study included three embryos from each of eighteen litters 
which ranged in age from 42 to 106 days of gestation as estimated 
from the crown-rump length.? Variations in the size of litter mates 
were frequent and some variations in the blood picture were noted 
among animals of the same approximate age. Immediate studies 
by two observers included red blood counts, hemoglobin determina- 
tions and reticulocyte counts. The hemoglobin determinations were 
made by the acid-hematin method, using Hellige hemometers cor- 
rected by Van Slyke oxygen saturation so that 15.5 gm. of hem- 
oglobin per 100 cc. blood were equivalent to 100%. The reticulo- 
cyte counts were made on fresh blood smears stained by brilliant 
cresyl blue. Fixed Wilson-stained smears were prepared for study 
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3 Warlick, B. L., J. Morph. and Physiol., 1928, 46, 59. 
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and for cell measurements. Hematocrit determinations* were made 
on oxalated blood and mean corpuscular volumes and mean cor- 
puscular hemoglobins were calculated from the results. 

In the earliest embryos studied (42 days gestation) the erythro- 
cyte counts and hemoglobin determinations were low (Fig. 1). At 
this time the mean corpuscular volume and mean corpuscular hemo- 
globin were high (Fig. 2). Characteristic erythrocytes of this 
period were large (Fig. 3) and showed striking variations in size 


MEAN GORPUSGULAR VOLUME ges (eo) 
MEAN GORPUSGULAR HBG, GMS, Xx 107 '* oa 


Fie. 3. 
Macrocytosis with marked variations in size and shape of erythrocytes at 42 
days. Wilson Stain (Photomicrograph x 2 5). 
Fig. 4. 
Blood at 106 da%s showing relative and actual decrease in size of erythrocytes 
with greater uniformity of contour. Wilson Stain (Photomicrograph x 375). 


4 Wintrobe, M. M., Am. J. Med. Sci., 1929, 177, 513. 
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° 142 Days —— 


8 Va 
OF EMBRYONIG LIFE CELL DIAMETERS 
FIG. 5. 
Fig. 5. 
Average diameter, in micra, of erythrocytes at various stages of embryonic life. 
Fig. 6 


Distribution of erythrocyte diameters at 42 and 106 days of embryonic life. 


and form. Many bizarre immature forms were seen and many of 
these were deeply basophilic. Reticulocytes were numerous in the 
blood of the very young embryos. 

As the period of gestation lengthened, interesting changes were 
noted. There was a steady increase in the total number of erythro- 
cytes and in the amount of hemoglobin. At the same time there 
was a fall in mean corpuscular volume; and the mean corpuscular 
hemoglobin, which had been high in the youngest embryos, fell 
rapidly so that after the 60th day it never rose above 25x10-* gm. 
The erythrocytes became progressively more regular in size and 
shape (Fig. 4), while fewer and fewer reticulocytes, nucleated cells 
and basophilic cells were seen in the circulating blood. In addition 
to a decrease in the average cell diameter (Fig. 5) as the period of 
gestation increased, the erythrocytes became more uniform in size 
(Fig. 6). Table I further demonstrates the changes seen between 
the bloods of the youngest and oldest embryos of the series. For 
sake of contrast, similar figures obtained by other workers for 
newly born and adult pigs have been included. 

These findings are essentially in agreement, with those of 
Wintrobe and Shumacker.? In another study Wintrobe and Shu- 
macker® pointed out that the changes which occur in the blood dur- 


6 Wintrobe, M. M., and Shumacker, H. B., Jr., J. Clin. Invest., 1935, 14, 837. 
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TABLE I. 
Age 42 106 2-42 days 

days days post-natal adult* 
Total erythrocyte count in millions 0.74 3.0 3.9 6.8 
Hemoglobin in grams % 3.6 6.76 9.7 14.0 
Mean corpuscular vol. in cubic micra 216.0 128.0 — 72.0 
Mean corpuscular hemoglobin in gm. x 10-12 56.2 21.0 — 20.0 
Average cell diam. in micra 8.9 6.01 —- 6.3 
Range of cell diam. in micra 2.0-16.0 4.0-8.5 = -- 
Reticulocytes % (1000 cells counted) 28.8 8.0 — — 


*These figures have been compiled and calculated from several sources.5, 1 


ing fetal life suggest very strikingly the changes which result in the 
blood of pernicious anemia patients when they are subjected to liver 
therapy. Certainly the blood picture of the early pig embryos 
included in the present series is so similar to that seen in such 
patients as to make a distinction difficult if a comparative study 
were undertaken. The presence of hyperchromic, macrocytic 
anemia; with high mean corpuscular volume and hemoglobin, asso- 
ciated with the appearance of immature erythrocytes in the circulat- 
ing blood stream; would seem to satisfy the hematological criteria 
for making a diagnosis of pernicious anemia. The changes which 
follow in the blood of the fetus are indeed very similar to those 
which result from liver therapy in pernicious anemia. The exact 
relationship of the two states is only a matter of conjecture at 
present, but there seems to be justification for suggesting that the 
hematopoietic tissues of the fetus are influenced by the same anti- 
anemic factor which, when administered therapeutically to the 
patient, results in the familiar alterations in the blood picture of 
pernicious anemia. Perhaps the factor is absorbed from the mother 
or it may be elaborated by the fetus. Additional information is 
necessary before any conclusions on this point can be reached. 
Perhaps some evidence might be obtained by a study of fetal blood 
formation in the absence of an adequate maternal supply of the 
anti-anemic factor. 

We wish to express our appreciation to Dr. Lewis H. Weed of 
the Department of Anatomy at the Johns Hopkins Medical School 
for making possible the collection of the material upon which this 
work is based. 


5 Palmer, C. C., J. Agr. Res., 1917-1918, 9, 131. 
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Growth in Adrenalectomized Puppies on Diet Low in Potassium, 


High in Sodium Chloride, Sodium Citrate. 


W. D. ALLERS AND L. A. CRANDALL, Jr. 


From the Department of Physiology and Pharmacology, Northwestern University 
Medical School, Chicago, Illinois. 


That the adrenal cortex or the cortical hormone is not necessary 
for maintenance of adrenalectomized adult dogs, adequately supplied 
with sodium chloride and sodium bicarbonate (or better, sodium 
citrate) was reported in June, 1935, by Harrop e¢ al.,’ and by one 
of us.” While Harrop and his coworkers paid little attention to the 
concentration of potassium in the diet, Allers?* fed synthetic diets 
low in potassium and was able. to sustain more normal balances in 
electrolytes provided sufficient sodium salts were added to the diet. 
That feeding small amounts of a potassium salt suddenly produces 
typical symptoms of insufficiency in such treated animals has very 
recently been shown by Allers, Nilson and Kendall.4 The latter 
investigators have further shown that the ability to reproduce is 
also normal in both the adrenalectomized male and female dogs 
maintained in good condition by sodium salts and a low potassium 
diet. 

We now report that growth also occurs in adrenalectomized 
puppies in the absence of cortin. Grollman and Firor® have stated 
that growth ceases after adrenalectomy in rats, cats and dogs that 
are maintained in a state of “chronic insufficiency” by giving only 
small amounts of cortical hormone. This observation is not inval- 
idated by our results, since our animals have not presented indica- 
tions of insufficiency, except occasionally when sodium salts were 
withheld for short periods. Our data show that following the re- 
moval of the second adrenal and without the administration of any 
cortical hormone ‘after the first or second day, 2 puppies, when fed 
a diet high in sodium chloride and sodium citrate but low in potas- 
sium steadily gained in body weight. The diet consisted of 54.5% 
cracker meal, 17% crude casein, 20% lard, 6% bone ash, and 


1 Harrop, G. A., Soffer, L. J., Nicholson, W. M., and Strauss, M., J. Lup. Med., 
1935, 61, 839. 

2 Allers, W. D., Proc. Staff Mayo Clin., 1935, 10, 406. 

3 Allers, W. D. (in press). 

4 Allers, W. D., Nilson, H. W., and Kendall, E., Proc. Staff Mayo Clin., 1936, 
11, 283. 

5 Grollman, Arthur, and Firor, W. M., Am. J. Physiol., 1935, 112, 310. 
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2.5% pasteurized brewer’s yeast. Each day the puppies were fed 
90 calories per kilo body weight of the ration, to which were added 
10.7 mg. MgO, 1.5 mg. NaI, and 15 mg. ferric citrate, per kilo body 
weight, and 15 cc. of cod liver oil. Fresh liver was occasionally 
added to the diet, but was withheld when it provoked symptoms of 
weakness. The first animal has reached almost mattre size (3 
months after the second operation) and has remained in excellent 
condition except when the sodium salts were experimentally reduced, 
at which times weakness and anorexia promptly ensued. Its body 
weight increased from 20 to 30 Ibs. The second puppy, operated at 
an earlier age (about 3 months) has also grown rapidly, gaining 
65% of its original body weight within 48 days, and was sensitive 
to a decreased intake of sodium salts. X-ray records demonstrate 
growth in the skeletal bones, and teeth. 

To maintain adrenalectomized adult dogs without cortin requires 
the exercise of meticulous care, as emphasized elsewhere,* but the 
task is even greater when puppies are used, since their stomachs are 
extremely sensitive to the high concentration of salts in the diets. 
To avoid nausea the salts were incorporated in a medium that re- 
mained quite impervious to gastric juice but slowly dissolved in the 
intestine. One mixture found to be satisfactory was powdered 
sodium chloride, powdered sodium citrate, and powdered commer- 
cial gastric mucin, which, after intimate mixing, were carefully 
mixed with stearic acid heated several degrees above its melting 
point. After solidification the mass was broken into particles ap- 
proximating the size of a kidney bean. Weighed portions of this 
salt mixture were added to the daily diet low in potassium. Whether 
this mixture prevents nausea depends upon the ratio of the constitu- 
ents. Usually the following proportion was satisfactory: 1 part 
mucin, % part NaCl, % part Na-citrate, and 1 part stearic acid. 
The puppies required 20 to 30 gm. of such a mixture, in addition 
to 0.5 to 2 liters of 0.7% saline daily. 
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Temporary Suppression of Estrous Cycles in the Rat by 
Prolactin. 


Ernest L. LAnR AND Oscar RIDDLE. 


From Carnegie Institution, Station for Experimental Evolution, Cold Spring 
Harbor, N. Y. 


Though prolactin was early shown to induce a speedy and extreme 
atrophy (decrease in weight) of the gonads of adult birds,** of 
both sexes, this hormone was found to have no influence whatever 
upon the weights of testes of adult rats.* Because of the relation 
of this hormone to lactation it has nevertheless seemed probable 
that the “lactation anestrus” of mammals is associated with this 
pituitary hormone—and most plausibly with its proved depressant 
action on the gonads of some animals (birds). The present study, 
following that of Dresel,* demonstrates that daily injections of 
prolactin temporarily suppress those ovarian functions which are 
expressed by estrus. In addition, it is here shown that a dosage of 
progesterone which (in another study) appears to have an influence 
on maternal behavior in the non-parous rat has no appreciable 
influence on the estrous cycles of these rats. 

In mature non-parous mice Dresel briefly reported that “prolactin 
suspends the estrous cycle for about 3 weeks, after which a pro- 
longed estrum sets in lasting from 4‘to 8 days in spite of further 
continued injections.” These observations led to the suggestion 
that the suspension of the estrous cycle during lactation is caused 
by prolactin, rather than by the corpus luteum hormone. 

Smears were made by us once daily on mature non-parous rats, 
and the vaginal material was obtained by pipette. Observations 
were made on 3 series of prolactin-injected rats. First, a prelim- 
inary series of 4 rats 172 days old at first injection. Previously 
smeared for 16 days, the cycles of 3 of these 4 rats had been found 
quite regular and normal; thereafter they each received 4 units of 
prolactin daily for 15 days, and each rat showed partial or nearly 
complete suppression of 1 or 2 cycles followed by resumption of 
quite normal cycles. In the partial or “mixed” smears which some- 

1 Riddle, O., and Bates, R. W., Endocrin., 1933, 17, 689. 

2 Bates, R. W., Lahr, E. L., and Riddle, O., Am. J. Physiol., 1935, 111, 361. 

3 Riddle, O., Lahr, E. L., Bates, R. W., and Moran, C. S., Proc. Soc. Exp. 
Brov. AND MeEp., 1934, 32, 509. 

4 Dresel, I., Science, 1935, 82, 173. 
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times replaced the normal cycles there were few or no squamous 
cells. The cycles of two control rats of this series were normal and 
unmodified during this period. Second, a series of 9 rats whose 
response is shown in Fig. 1. The cycles of the 4 control rats (not 
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figured) of this series remained nearly or quite regular and normal. 
Of the 9 treated rats, aged 148-186 days, 3 (here called A-C) were 
injected with 30 units of prolactin daily for 35 days (19 days for 
1). About 3 cycles were suppressed in each rat, but despite con- 
tinued injections quite normal cycles recurred between the 13th and 
16th day of treatment; in the two rats treated for 35 days the 3 
next following cycles also were completely suppressed, after which 
quite normal cycles occurred although injections were being con- 
tinued. Rats D-I received 15 units of prolactin daily; in 3 of the 4 
rats treated for 28 days, about 4 cycles were completely suppressed 
(in the other rat only 2 or 3 cycles), and thereafter a single normal 
cycle was followed by a further suppression of cycles in all 4 cases. 
Two rats (H, I) received only 8 and 12 such injections, and were 
killed at these periods for a special study of their ovaries which, in 
both cases, disclosed the retention of large corpora with large cells 
apparently not in stages of degeneration. A third series is formed 
from random observations on a number of rats injected with pro- 
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lactin for shorter periods and with variable dosage. On these rats 
the infrequency of cycles under such treatment has been confirmed. 

It can be observed that prolactin dosage was initiated at all of 
the various stages of the cycle in one or another of the 9 rats re- 
corded on Fig. 1. All prolactin preparations used on those 9 rats, 
and on the 4 rats of the preliminary series, had been heated to 60° C. 
for 5 hours after previously testing free from follicle-stimulating 
and thyrotropic hormones (dove testis and dove thyroid tests). 
Injections were made once daily and subcutaneously. It is particu- 
larly notable that after stopping the injections there was almost 
immediate resumption of normal estrus in all cases. 

The 6 rats (Fig. 1) receiving progesterone* were 156-172 days 
old at the beginning of treatment. The dosage was 0.03 mg. daily, 
subcutaneously, for 12 to 16 days. The rhythm of the cycles was 
not interrupted, and the character of the smears remained normal. 
At a dosage level 10 times higher (0.3 mg. daily) we noted slightly 
prolonged diestrus (remained normal in 2 controls), and Selye, 
Browne and Collip® have already reported the suppression of estrus 
in the rat with huge doses (4 mg. daily) of progesterone. 

It is of course possible that prolactin suppresses estrous cycles 
through diminishing the release of F.S.H. from the rat’s own pitu- 
itary ; but a direct and antagonistic action of these two hormones on 
the gonads of birds has not been excluded. Whatever the mechanism 
involved in its action in both mice and rats, prolactin has been found 
capable of temporarily suppressing ovarian cyclic activity; and, 
curiously enough, in both cases cycles are later resumed under con- 
tinued injections. Whether increasing daily doses would prevent 
this resumption of cycles is still unknown. In the case of the rat 
the anestrous period induced by prolactin seems always to be rather 
shorter than the gestation or the lactation period. The retained 
large corpora found at 8 and 12 days of prolactin treatment suggest 
an active output of progesterone, but the failure of low or moderate 
amounts of this hormone to suppress cycles is here definitely indi- 
cated. 

Conclusions. In the regulation of the ovarian activity of rats 
prolactin is shown to be capable of playing a part, directly or indi- 
rectly. Prolactin can not be summarily omitted from lists of pitu- 


* Proluton, crystalline progesterone dissolved in oil, was supplied for these 
tests through the courtesy of Dr. Erwin Schwenk of the Schering Corporation, 
Bloomfield, N. J. 

5 Selye, H., Browne, J. S. L., and Collip, J. B., Proc. Soc. Expr. Biov. anp 
Mep., 1936, $4, 472 
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itary principles having action on the gonads of mammals. The 
suggestion of Dresel that lactation anestrus in mice is induced by 
prolactin is supported by these tests on mature non-parous rats. But 
under effective prolactin dosage the corpora of rats remain large, 
and at the age of 10-12 days their large cells show no clear evidence 
of degeneration. The failure of daily injections of low or mod- 
erate doses of progesterone to affect the estrous cycles of rats sug- 
gests that in this rodent, though the corpus luteum hormone plays 
its part, it is perhaps not the hormone primarily responsible for the 
anestrous of either gestation or lactation. 
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Removal of Corpora Allata on Egg Production in the Grass- 
hopper, Melanoplus Differentialis.* 


IsABELLE G. WEED. (Introduced by J. H. Bodine.) 


From the Department of Zoology, State University of Iowa, Iowa City. 


It has been shown by Wigglesworth’ that in Rhodnius prolixus 
the corpora allata secrete a hormone which is necessary for the pro- 
duction of eggs. In order to determine whether these glands have 
a similar function in the grasshopper, females were operated as 
shown in Table I. For comparison, unoperated adults were killed 
at intervals from one to 42 days after moulting. Camera lucida 
drawings were made of the largest eggs in each of the above animals, 
egg length was measured, and the oviducts were examined to deter- 
mine whether the secretion produced by the anterior portions of 
the oviducts was present. This secretion forms the ootheca. 

There was great variation in the development of the ovary in 
unoperated adults autopsied from 28 to 42 days after moulting. 
However, of the 43 specimens examined, 35 contained eggs which 
were more than 1 mm. in length. Of these, the eggs of 8 were fully 
developed and had passed into the oviducts. The operated controls 
at autopsy also contained eggs exceeding 1 mm. in length and in 
one instance the fully developed eggs had entered the oviducts. 

The eggs of the animals from which both corpora allata had been 
removed, however, were less than .9 mm. in length at autopsy in all 


* Aided by a grant from the Rockefeller Foundation for work on cellular 


biology. 
1 Wigglesworth, V. B., Nature, 1935, 186, 338. 
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cases except those which had been operated at 16 and 23 days, sug- 
gesting that development of the eggs was suppressed by lack of the 
corpora allata. The slightly larger size of the eggs in those animals 
operated at 16 and 23 days was probably because they had reached 
a higher stage of development before operation, since a number of 
unoperated females killed between 16 and 23 days were found to 
contain eggs exceeding .9 mm. in length. 


TABLE I. 
Operated 
No. Animals 
Unoperated No. of Days after Moulting 
Animals: Glands —_—_——___—__—_——— _ Length of Secretion in 
Observed Removed Operated Autopsied eggs in mm. Oviducts 
2 * 34 arf) Absent 
2 4 35 61 2? 
2 cs 40 68 zh 
2 4 42 aids fd 
2 4 42 50 a? 
2 5 33 83 a7, 
2 5 42 50 a 
2 6 35 48 22 
2 6 42 52 ag 
2 6 46 86 ey 
2 if 28 59 a2 
2 11 35 82 Present 
2 13 35 65 Absent 
2 14 42 86 Present 
2 16 42 1.00 Absent 
2 23 42 1.08 Present 
1 6 28 81 a2 
0 4 28 2.82 72 
0 6 28 1.84 ze 
0 7 35 1.28 es 
0 12 42 4.331 a 
8 28-42 4-5.5¢ he 
5 >? 4-5 a) 
6 tae 3-4 29 
8 a? 9-3 IE) 
8 a7 1-2 2? 
8 a” 0-1 3) 


*Operated 4 days after entering the final nymphal stadium. 

tEggs fully developed and in the oviducts. 

At autopsy, secretion was lacking in the oviducts of all the animals 
operated up to 11 days after moulting. This indicates that forma- 
tion of the secretion is also inhibited by removal of the corpora 
allata, since both the operated and unoperated controls, as well as 
the animal from which only one gland had been removed, contained 
secretion in the oviducts at autopsy, even in those cases where the 
eggs had remained small. Secretion had probably already started 
in the oviducts of the animals operated at 11, 14, and 23 days and 
had not in those operated at 13 and 16 days. This is evidenced by 
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the fact that secretion had begun in some of the unoperated animals 
examined at from 10 to 23 days, while in others it had not. 

The results obtained in the above preliminary experiments, there- 
fore, suggest that in Melanoplus differentialis, as in Rhodnius pro- 
hus, the corpora allata are necessary to normal development of the 
eggs, and that, further, secretion in the glandular portion of the 
oviducts is also influenced by the corpora allata. 
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Experimental Study of Moulting in the Grasshopper, 
Melanoplus Differentialis.* 


IsABELLE G. WEED. (Introduced by J. H. Bodine.) 
From the Department of Zoology, State University of Iowa, Iowa City. 


Wigglesworth,’? working on a blood sucking hemipteron, R/od- 
mius prolixus, found that if the head were taken off before a certain 
“critical period” in a nymphal stadium, the animal did not moult, 
but if the head were removed after this time, the animal moulted as 
usual. On the basis of these and other experiments he concluded 
that a hormone is secreted'in the head, probably by the corpus 
allatum (a single structure in Rhodnius), which induces moulting. 

In view of this work it seemed of interest to determine whether 
moulting is controlled by the corpora allata in the grasshopper, 
Melanoplus differentialis. Therefore, the corpora allata (paired 
structures in this animal) were removed from a number of nymphs 
from 1 to 9 days after they entered the 6th and final stadium. 

Since most of the unoperated nymphs observed spent from 15 to 
20 days in the 6th stadium, it might be expected that animals oper- 
ated up to the 5th day of this period would fail to moult, yet as 
shown in Table I, all of the nymphs from which both glands had 
been removed, including 3 specimens which were operated at one 
day, moulted from 17 to 23 days from the beginning of the stadium. 
In addition to the above animals, 8 others were operated at from 
one to 5 days and 6 at 6 to 7 days, but in these cases there was some 
doubt whether both glands had been removed, although in most 


* Aided by a grant from the Rockefeller Foundation for work on cellular 
biology. 

1 Wigglesworth, V. B., Quart. J. Mier. Sci., 1934, 77, 191. 

2 Wigglesworth, V. B., Nature, 1935, 186, 338. 
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TABLE I. 


Days after Entering 

the 6th Stadium 
No. of Glands 
Removed Operated Moulted 


21 
23 
18 
18 
20 
23 
21 
17 


prmnwmwhynwnwnp 
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instances it was fairly certain that they had been. These nymphs 
also moulted, requiring from 18 to 29 days in the 6th stadium. 
Moulting was slightly retarded in all of the operated animals as 
compared with the unoperated, but this may be accounted for by 
the severity of the operation since 5 animals operated at 0 to 5 days 
without removing the glands spent from 24 to 28 days in the 6th 
stadium. 

Preliminary experiments, therefore, indicate that in Melanoplus 
differentialis the corpora allata do not influence moulting. 


8829 C 


Effect of High Concentrations of Glucose on Fibroblasts, 
Leucocytes, and Epithelial Cells. 


Apert H. Eperine. (Introduced by Lillian E. Baker.) 


From the Laboratories of the Rockefeller Institute for Medical Research, New 
York City. 


Hyperglycemia, according to available evidence, does not damage 
the tissues. Kirby, Estey, and Wiener’ noted no real difference in 
the growth of lens epithelium with a dextrose concentration as high 
as 478 mg. %, and it was only when the concentration was 578 mg. 
% that they observed a slight inhibition of growth. Carrel? failed to 
find any interference with tissue growth in media containing 300 
mg. %. Willmer® states that, other things being equal, the amount 


1 Kirby, D. B., Estey, K., and Wiener, R. von E., Tr. Am. Acad. Ophth., 1932, 
37, 196. 

2 Unpublished experiments referred to by H. O. Mosenthal in Hyperglycemia, 
Evaluation in the Treatment of Diabetes Melitus, J. Am. Med. Assn., 1935, 105, 
484, 

3 Willmer, HE. N., Brit. J. Exp. Biol., 1927, 4, 280. 
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of cell migration was found to be directly dependent on the amount 
of glucose present in the medium up to a concentration of 1,000 
mg. %. He found that above that limit glucose appeared to become 
slightly toxic. Yen-lang Huang* found that d-glucose in low con- 
centrations furthers the growth of fibroblasts; high concentrations 
inhibit it. Since the normal blood sugar concentration in healthy 
fowls averages about 200 mg. %, it was thought of interest to study 
the effect, from the standpoint of sugar tolerance, of abnormal 
glucose concentrations on 3 different cell types. 

The tissues used are fibroblasts from a 24-year-old strain, iris 
epithelium, and adult chicken blood leucocytes. The tissue frag- 
ments and the leucocytic films are cultivated in 25% serum by the 
usual flask technique. The respective total concentrations of glucose 
are: controls, 200 mg. % ; experiments, 390, 650, 1,150. 2,090, and 
3,200 mg. %. All the media are isotonic, the concentration of the 
salts being reduced as that of glucose is increased. 

Fibroblasts. After 2 days’ incubation, cell migration is respec- 
tively 22, 17, and 20% greater in the glucose concentrations of 390, 
650, and 1,150 mg. %, than in the controls. No apparent difference 
in the appearance of the cells is observed. At the concentrations 
of 2,090 mg. %, the cell migration is about 16% less than in the 
control, and the cells appear granular. In the 3,200 mg. % concen- 
tration, the migration is about 30% less than in the control, and 
the cells appear more granular. After 7 days’ incubation, there is 
practically no difference in the extent of cell migration in the 390 
and 650 mg. % concentrations as compared with the controls. In 
the 1,150 mg. % concentration, migration is about 10% greater 
than in the control. The cells show no apparent differences in their 
morphology. In the 2,090 and 3,200 mg. % concentrations, the 
extent of cell migration is respectively 16 and 30% less than in the 
controls, and the cells in each concentration are filled with darker 
and larger granulations than in the control. 

Chicken Blood Leucocytes. Polymorphonuclear Leucocytes. After 
24 hours’ incubation in 390 and 650 mg. % concentrations, the ex- 
tent of migration of the polymorphonuclear leucocytes is respective- 
ly about 20 and 14% greater than in the controls. This stimula- 
tion continues for 6 days. No morphological differences are ob- 
served in these cells. In the 1,150, 2,090, and 3,200 mg. % concen- 
trations, the migration is respectively about 6, 4 and 3% more 
extensive than in the controls. No morphological differences are 


4Yen-lang Huang, Folia Pharm. Japon. (Breviaria 143), 1934, 18, 123; Ab- | 
stract in Chem. Abstr., 1934, 283, 7275. 
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observed in the 1,150 mg. per % concentration, except that the cells 
are somewhat granular. In the 2,090 mg. % concentration, the cells 
appear more densely packed around the central leucocytic fragment 
than in the control, and are granular. In the 3,200 mg. % concen- 
tration, the cells are granular and rounded. 

Monocytes. After 24 hours’ incubation in the 390, 650, 1,150, and 
2,090 mg. % concentrations, cell migration is stimulated, as indi- 
cated by a greater density in the cell population, rather than by an 
increase in the area of the colonies. The cells are active in all con- 
centrations. No morphological differences are observed in the 2 
lower concentrations, compared with the controls. In the 2 higher 
concentrations, the cells appear larger and more coarsely granular. 
In the 3,200 mg. % concentration, the extent of cell migration is 
less than in the control. The cells appear coarsely granular and 
rounded. After 6 days’ incubation in the 390 and 650 mg. % con- 
centrations, there is practically no difference in the extent of cell 
migration as compared with the controls, but the cells are more 
granular. In the 1,150 mg. % concentration, the monocytes, 
although granular, are more numerous and active than in the con- 
trol. In the 2,090 mg. % concentration, the cells seem to have 
increased in number, are larger in size, and distinctly more granular 
than in the control. In the 3,200 mg. % concentration, there are 
many degenerated cells, but a number of large, active macrophages 
filled with very coarse granulations survive. 

Iris Epithelium. In all concentrations of glucose, the rate of 
migration of the cells is practically the same as in the controls over a 
period of 9 days. No apparent difference is noted in the cell morphol- 
ogy, except that in the 3,200 mg. % concentration the cells are more 
granular than in the control or in any of the other concentrations. 
Although the experiment in sugar concentration was terminated on 
the 9th day, the cultures were kept and transferred after the 12th 
day into flasks containing the ordinary nutrient medium. After a 
few days, new cells started to grow from all the fragments, regard- 
less of the sugar concentration in which they had been cultivated. 

Conclusions. Under the conditions of these experiments, fibro- 
blasts from a 24-year-old strain tolerate glucose concentrations of 
390, 650, and 1,150 mg. % over a period of 7 days. There is no 
evidence of an inhibiting or toxic effect. The higher concentrations, 
namely, 2,090 and 3,200 mg. %, have an inhibiting effect from the 
very beginning and are ultimately toxic.* 

Blood leucocytes are more sensitive and less tolerant to abnormal 
concentrations of glucose, as shown by the fact that these cells 
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deteriorate more quickly in the higher concentrations of glucose 
than do fibroblasts and epithelial cells. Migration of the poly- 
morphonuclear cells is stimulated by concentrations of 390, 650, and 
1,150 mg. %. These concentrations do not injure the cells. The 
higher concentrations, although stimulating in the beginning, later 
become inhibiting and quite toxic. The monocytes appear to be 
stimulated by glucose in all the concentrations except the very high- 
est. The cells are active in all, but appear coarsely granular in the 
three highest concentrations. The 3,200 mg. % concentration is, 
in fact, toxic.* 

Iris epithelial cells tolerate each concentration of glucose except 
that of 3,200 mg. %.* In the latter, the cells become granular. 
However, after transfer into ordinary nutrient medium, all the 
cultures recover and grow normally. 
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Reaction of Sensitized Dog’s Kidney to Horse Serum Injected 
into the Renal Artery. 


A. E, Parks AnD B. L. Taussic. (Introduced by H. A. Christian.) 


From the Medical Clinic, Peter Bent Brigham Hospital, and the Laboratory of 
the Department of Medicine, Harvard Medical School, Boston, Massachusetts. 


The role of allergy in the pathogenesis of glomerulo-nephritis 
has been a subject of experimental investigation for many years 
and offers an attractive theory of the etiology of this disease. It 
has long been known that injections of foreign proteins into pre- 
viously sensitized animals produce lesions in the kidney. Longcope* 
in 1913 showed that animals which were sensitized to horse serum 
or egg albumin and later given a shock dose of the same protein 
developed focal renal lesions among which were marked glomerular 
changes. Duval and Hibbard? found that parenteral injections of 

* Tt is possible, of course, that this inhibiting effect is due to the reduction in 
salts that had to be made to keep the solution isotonic. When adding glucose, the 
solution will be hypertonic unless the salt concentration is lowered. From previous 
work, it seemed probable that injury to the cells would occur more quickly in 
hypertonic solutions than in those with reduced salt content. It is interesting to 
note that Wilmer, using hypertonic solutions and fresh tissue, found approximately 
the same limits of tolerance as those reported here. 

1 Longeope, W. T., J. Eup. Med., 1913, 18, 678. 

2 Duval, C. W., and Hibbard, R. J., J. Exp. Med., 1926, 44, 567. 
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streptococcus filtrates into animals produced glomerular lesions only 
if the animals had been previously sensitized to the filtrates. The 
fact that post-scarlatinal glomerulo-nephritis appears during con- 
valescence rather than at the height of the disease speaks strongly 
in favor of the “allergic” theory of this disease. Hepler and 
Simonds’ studied the effects of injecting proteins directly into the 
kidneys of sensitized animals. Rabbits were sensitized by sub- 
cutaneous injections of horse serum or egg albumin; later, the pro- 
tein was introduced directly into the kidney through the skin. They 
observed hemorrhage and necrosis of the injected kidneys and con- 
cluded that these changes resulted from an:anaphylactic inflamma- 
tion caused by the direct toxic effect of the antigen on the sensitized 
tissues (Arthus phenomenon). The lesions thus produced, how- 
ever, bore no analogy to the histological changes occurring in human 
glomerulo-nephritis. Masugi,* on the other hand, claimed to have 
produced the picture of a true glomerulo-nephritis by injecting pro- 
teins directly into the renal arteries of rabbits which had been pre- 
viously sensitized. He emphasized the importance of having the 
foreign protein reach the kidney in a concentrated form, and be- 
lieved that the unconvincing results of previous workers were due 
to a failure to bring about the necessary concentration in the glom- 
eruli, 

The work to be described in this paper is an attempt to produce 
renal lesions in dogs by methods similar to those that Masugi used 
in rabbits, and then to study the kidneys from both functional and 
histological aspects. 

Method. Nine healthy, well-nourished dogs which were without 
evidences of previous nephritis were used in these experiments. Two 
sensitizing injections of 5.0 cc. of horse serum were given intra- 
venously at 2-day intervals to all dogs excepting one which received 
7 injections at intervals of 3 days, the doses being 4.0, 4.0, 6.0, 8.0, 
10.0, 12.0, and 14.0 cc. From 16 to 21 days later about 3.0 cc. of 
horse serum were injected directly into the left renal artery accord- 
ing to the technique described by Quinby and Fitz’. The kidney 
was approached retroperitoneally and the renal artery and vein were 
exposed, freed by blunt dissection, and ligatures placed about them. 
Simple traction on these ligatures sufficed to shut off the flow of 
blood in the vessels. Both renal vessels were occluded and about 
3.0 cc. of horse serum were injected into the artery by means of a 


8 Hepler, O. E., and Simonds, J. P., Am. J. Path., 1929, 5, 473. 
4 Masugi, M., and Sato, Y., Virchow’s Arch. f. path. Anat., 1934, 298, 615. 
5 Fitz, R., and Quinby, W. C., Arch. Int. Med., 1915, 15, 303. 
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syringe fitted with a fine bent needle. The artery was then released 
to allow the blood to drive the serum into the kidney. After 30 
seconds the artery was again occluded, and 10 to 15 cc. of blood 
were withdrawn from the distended vein by a sharp hypodermic 
needle attached to a 20 cc. syringe. This blood, presumably, con- 
tained most of the injected horse serum. Normal circulation was 
then allowed to reestablish itself. Pressure of 2 or 3 gauze wipes 
on the renal vein usually controlled the hemorrhage. With complete 
hemostasis the wipes were removed and the wound repaired. In 5 
of the 9 animals a second shock dose was administered from 12 to 
34 days after the first. The method of operation was the same, but 
increased difficulty was encountered because of adhesions and scar 
tissue from the first operation. Biopsy specimens were taken from 
the kidney at the beginning of the experiments and before each 
arterial injection in 8 out of 9 cases. 

After an interval of 1 to 21 days after the final shock dose of 
horse serum, the dogs were anesthetized with an intravenous injec- 
tion of 35 mg. of nembutal per kg. body weight, and the ureters 
exposed through a suprapubic midline incision. Small catheters 
were inserted into each ureter through a small incision and tied 
into place. Separate specimens of urine from each kidney were 
collected into graduated cylinders and the half-hourly output care- 
fully recorded. A satisfactory flow of clear urine from each cathe- 
ter having been established, 3.0 mg. of phenolsulphonephthalein was 
injected intravenously, and the excretion from each kidney during 
the following 2 hours recorded. According to the weight of the 
dogs, 0.5 to 1.0 cc. of salyrgan was then injected intravenously, and 
the diuretic response of each kidney was observed at half hour 
periods. At the end of diuresis the dogs were killed by intravenous 
chloroform. Throughout the procedure a continuous intravenous 
flow of physiological saline was maintained. The urine from each 
kidney was examined for albumin and microscopic sediment, and 
chloride and creatinine determinations were made on each speci- 
men. After the animals were killed three blocks were taken from 
each kidney, and together with the biopsy specimens were fixed in 
10% formalin, embedded in paraffin, sectioned, and stained with 
hematoxylin and eosin. 

Results. All dogs behaved normally after the injections of the 
sensitizing doses of horse serum. At no time throughout the course 
of the experiments were there any urinary abnormalities with the 
exception of occasional slight traces of albumin following the injec- 
tion of horse serum into the renal artery. There was no constant 
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difference between the secretion of urine from the 2 kidneys follow- 
ing administration of salyrgan, nor were there any differences in 
the chloride and creatinine excretion. The phenolsulphonephthalein 
excretion was the same from the 2 kidneys of all dogs excepting 2. 
The kidneys of these 2, however, showed gross and microscopic 
abnormalities which could not possibly be explained on an allergic 
basis. The left kidney of one presented the appearance of multiple 
infarction due in all likelihood to the presence of particulate matter 
contained in the serum. This particulate matter was noted at the 
time of injection into the renal artery. That of the other contained 
numerous microscopic abscesses caused, no doubt, by infection in- 
troduced at the time of injection. The kidneys of 5 of the 9 dogs 
were entirely normal both grossly and microscopically. All biopsies 
showed normal kidney tissue. The kidneys of 2 of the dogs showed 
changes which will be described and discussed below. 

Dog No. 1, a male weighing 10 kilograms, was given two intra- 
venous sensitizing injections of 5.0 cc. of horse serum, and 21 days 
later 5.0 cc. were injected into the left renal artery. On the follow- 
ing day functional studies revealed no impairment of either kidney 
and the animal was killed for autopsy. With the exception of the 
left kidney all the organs were normal. The kidneys were of equal 
size and of normal reddish-brown color, but scattered over the sur- 
face of the left kidney were numerous small pin-point whitish de- 
pressed areas surrounded by rings of hyperemia. The cut surface 
was not abnormal. The microscopic appearance was that of exuda- 
tive rather than proliferative lesions. The glomerular tufts were 
swollen and somewhat more cellular than normal and tended to fill 
the capsular spaces. There was some increase in the sub-endothelial 
ground substance and slight proliferation of the endothelial cells. 
There was no increase in interstitial tissue. There was an albu- 
minous exudate in the capsular spaces, but no inflammatory or red 
blood cells. The tubules showed slight cloudy swelling of the epi- 
thelium and an albuminous exudate in the lumina. The vessels 
were normal. The right kidney showed similar but less marked 
lesions. 

Dog No. 2 was a male weighing 9.6 kilograms. Horse serum 
was injected intravenously as in the case of Dog No. 1. Twenty- 
one days later, horse serum was injected into the renal artery. After 
6 days, routine functional studies were made, and the dog was 
killed. The microscopic appearance of the biopsy specimens and 
the functional behavior and gross appearances of both kidneys were 
entirely normal. Microscopically, the glomerular tufts showed little 
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or no proliferative change, but the epithelium of the Bowman’s cap- 
sule was often seen to be thickened; the capsular spaces contained 
much albuminous material and red blood cells. The tubular lumina 
were filled with an albuminous exudate, but the tubules themselves, 
as well as the interstitial tissues and blood vessels, were normal. 
The right kidney showed similar but somewhat less marked changes. 

Summary. Ina series of 9 dogs, an attempt was made to produce 
an experimental glomerulo-nephritis by the injection of horse serum 
into the left renal artery of previously sensitized animals. Functional 
studies failed to reveal any impairment as a result of the procedure, 
and pathologically no animal showed a real glomerulo-nephritis. In 
the kidneys of 2 dogs lesions were found which were the result of 
traumatization and infection respectively; in 2, minor changes were 
noted, as just described, whose relation to the procedure of the 
experiment is uncertain; in 5 no pathological changes were ob- 
served. It is concluded that the procedure described by Masugi as 
productive of glomerulo-nephritis in rabbits failed to produce the 
disease in dogs. 


8831 P 


Effects of Increased Metabolism on the Ketone Body Excretion of 
Depancreatized Dogs.* 


S. B. BARKER. (Introduced by William H. Chambers.) 


From the Department of Physiology, Cornell Unwersity Medical College, New' 
York City. 


Since fat is a source of ketone bodies, increasing the amounts of 
this foodstuff oxidized by completely diabetic organisms should pro- 
duce an increase in the ketone body excretion. According to Shaf- 
fer’s quantitative expression, every mol of fatty acid oxidized with- 
out the simultaneous combustion of antiketogenic material yields one 
mol of acetoacetic acid. The evidence from a variety of sources 
indicates that the depancreatized animal depends largely upon fat to 
furnish its bodily energy, both at rest and during activity,’ and, 
furthermore, that it is not able to oxidize significant amounts of 

* Abstract of a thesis presented to the faculty of the Graduate School of Cor- 
nell University for the degree of Doctor of Philosophy, June, 1936. 


1 Chambers, W. H., Kennard, M. A., Pollack, H., and Dann, M., J. Biol. Chem., 
1932, 97, 525. 


METABOLISM OF Ketonre Bopy Excretion 


894 


“‘pesveioep WOTjeroxe ouojoy t 
7X0} S88 “SISOJOY PUL WSTOquJem [eseq WoIF po}elNoTeD4 
7X0} 0OG “POZIPIXO 4B posvoroUL WOIF poyemMo[eo, 


t VES t O8SFL €S—_ 0 LO€ oL GL" 66 SLE 8T 

t €0L t 8L6€ oo T68 TL tL &@ & 8 LT 

93 LET 8 LEEs G& 6°89 TL 6h GP LS 9T 

t 966 t 8816 69— 6 SP TL’ TL 8IL GEL ST 

0 6L 0 LEG 0 OT LL TL’ 96 eT THE 
at P6OPrL i 06S9 FLT—_ 8 Pst €L° TL STE V8 9 ‘d NG 

GE TL A SLOG G6 SIF TL OL 8h T'83 8T 

t 966 35 LGEL 606— VLE TL €L 996 V8S FL 

886 FG 9L OTE LEG v9 69° OL SIT VIE ST 

006 &@ L 889 oF SFL OL TL LY 6°86 IL 

G8 6S G Té6 tPF 0°6T oh 6L . 99 tem 42 G 

f 68 } 067 6t=— TOL ol &L 006 L6G Fa OSTOLOXHT 
(8L) (11) (OT) (6) (8) (2) (9) (¢) () (¢) (3) (1) 

peureyqo “SUL peureyqg ‘sur ron TBO ‘dxq [eseq *1y/*Sua anoy/ ‘ON SOG -dxqy 
YW { ettoyooe Y% (0004008 Quojooy ‘ou0}0dB [BJO], soTLoyeEQ 
poyoodxay poqoodxny O° 


a ee ee ee 
‘joueydoszruig 4q pue estorexgy Aq poonporg ssoq poz 


posverouy [B40 J, 


jeseq 


SS Se ee ee 
yvoroueded FO WsTpoquJepT ut sesuvyH Fo LrvuMNG 


TI GIdVoL 


METABOLISM ON KETONE Bopy EXxcrETION 895 


antiketogenic material.” The general purpose of this research was 
to investigate acetone body formation in the depancreatized dog by 
increasing the burning of fat. 

The methods used to stimulate oxygen consumption were exercise, 
injection of dinitrophenol (D.N.P.), and administration of desic- 
cated thyroid gland.+ An open-circuit respiration set-up was em- 
ployed for the metabolism determinations, using a Carpenter-Hal- 
dane apparatus for the gas analyses. For the assay of urinary con- 
stituents, standard techniques were used, and in addition the amount 
of expired air acetone was determined.* All parts of the work 
were rigidly controlled. 

Exercise. Eighteen experiments, including basal, exercise, and 
recovery periods, were performed on 6 depancreatized dogs. The 
respiratory quotients of exercise plus recovery (column 6, Table I) 
show no significant changes from the basal quotients (column 5), 
indicating that fat furnished the fuel for the increased metabolism. 
As a basis for comparisons, the total increases in ketosis and in 
caloric output during each experiment are calculated for the exer- 
cise plus the recovery periods. The amounts of additional ketone 
substances to be expected are computed in two different manners, 
the first from the increased amounts of fat oxidized (column 9), 
and the second from the basal proportions of acetone excretion and 
heat production (column 11). Using a heat value of 7.44 calories 
and an acetone yield of 0.36 gm. per gm. of fat oxidized, one should 
expect 0.36/7.44 gm. of extra ketones for each additional calorie of 
heat produced. Compared with the theoretical values, the amounts 
obtained were all less than 35% of the quantity expected, with one 
exception of 76%. 


The second method of calculation is outlined as follows: 


Total increased calories ! d 
—________________ & Basal acetone = Expected increase in acetone 


Basal calories 

When these values are used as standards, the amounts of extra 
acetone to be expected are considerably lowered, as can be seen from 
the table. Of the 18 sets of results, 4 showed decreased excretion 
of acetone bodies, while in 14 the amounts were increased over the 
respective basals. Five of these 14 were grouped about 30% of 
the theoretical, while the remainder were spread out quite evenly 

2 Cori, C. F., Physiol. Rev., 1931, 11, 143. 

+ We wish to express our thanks for the thyroid preparation supplied by the 


Burroughs, Wellcome Company. 
3 Barker, 8. B., Am. J. Physiol., 1936, 116, 5. 
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up to 200%, with one high value of 988%. There were only 2 
figures between 80 and 120%, the range which one would consider 
“quantitative”. The wide distribution of the percentages obtained 
by this second method of calculation does not indicate any quanti- 
tative relationship between the increased fat oxidation and changes 
in the excretion of acetone bodies. 


Dimtrophenol. The acetone changes following D.N.P. stimula- 
tion of metabolism proved to be even more startling, as in no in- 
stance did the excretion of the four-carbon compounds increase 
significantly. In 9 of 12 experiments the ketosis did not in- 
crease at all, or fell, in spite of increases of metabolism in these cases 
from 5 to 300 calories. When the expected additional ketones are 
computed from the extra fat burned following D.N.P. stimulation 
of heat output, the percentages obtained are all less than 1%. Re- 
calculated from the basal metabolism and ketosis, the highest amount 
then obtained is 26%, with the other values being 20% and 2%, re- 
spectively. The amounts to be expected from the fat burned range 
from 200 to 14,000 mg., while those by the second method of cal- 
culation are much lower, being 5 to 1490 mg. 


Thyroid. The administration of desiccated thyroid substance 
produced a much more prolonged elevation of metabolism than could 
be obtained with either of the other 2 methods. Four dogs were 
the subjects for 5 experiments, each consisting of a series of basal 
metabolism determinations during 3 days without thyroid and dur- 
ing 3 corresponding days following prolonged feeding of gland- 
ular substance. 

Three of the dogs showed no increase in acetone body production 
in the hyperthyroid periods, while the other, No. B-16, excreted 
2 to 3 times the amount of its basal ketosis in both of 2 
hyperthyroid series. The effects of the ingestion of meat were 
studied on 3 of the animals used, and it was found that this 
foodstuff produced a marked increase in ketone body elimination of 
dog No. B-16, but only very slight rises in the amounts excreted by 
the other 2. It should be noted that the differences in these 
changes were quite similar to those occurring after thyroid admin- 
istration. However, in the entire set of experiments, the protein 
catabolism was heightened only once by the thyroid treatment—in 
1 of the 2 series on No. B-16, which produced increased ketosis. 

Summary. The resting metabolism of depancreatized dogs was 
raised by exercise, by dinitrophenol injection, and by thyroid admin- 
istration, always, as far as could be learned, at the expense of in- 
creased oxidation of fat. Out of the total of 35 series of experi- 
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ments, none showed increased ketosis commensurate with the in- 
creased amounts of fat burned. The quantities of extra acetone 
to be expected were considerably lower when these were calculated 
from the basal heat and acetone values rather than from the in- 
creased fat oxidation. Even computed in this manner, however, 
there were only a few of the exercise and thyroid, and none of the 
D.N.P., results which were in agreement with the theoretical 
ketone excretion. 


ry] 


SECRETARY’S ANNUAL REPORT 
April 1, 1935 to April 1, 1936 


CounciL MarrTers 


The PROCEEDINGS are now issued in two volumes a year. The present 
year’s volumes contained 1586 pages. Members are charged $4.00 a year and 
for excess space 60 percent below cost. Our printing costs are lower than 
any other comparable journal. 

To meet the growing costs, chiefly due to enlargement, the Council de- 
cided not to raise members’ dues, but to use the interest from the Endow- 
ment and Surplus Funds. 

To meet the greater volume of manuscripts submitted and the greater 
standards of acceptance, the Board of Hditors was increased to 14 (see list 
below). 

There has been, in a few instances, commercialism of articles in the 
PRocEEDINGS. The Council has therefore adopted the following: 

“The PROCEEDINGS are intended for publication of scientific man- 
uscripts for scientific workers and not as a vehicle for advertising. 
It is understood that the author of each manuscript agrees to dis- 
courage the circulation of his reprints for advertising or commercial 
purposes. Such reprints are intended for research workers in related 
fields. Reprints are limited to 500. The PROCEEDINGS are published 
under the copyright law. 

The Council authorized the incorporation of the Society. 

The revised Constitution and By-Laws of the Society was almost unani- 
mously approved by the members. 

The Council decided not to approve the formation of new sections out- 
side the United States and Canada and that foreign investigators may be 
elected to membership as in the past. 

The Proceepines (from April 1935 to April 1936) contains 657 manu- 
seripts 49% of which were preliminary, 51%, complete. 
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1926 1927 1928 1929 1930 1931 1932 1933 1934 1935 1936 


Member- 
ship 779 851 936 986 1026 1062 1138 1146 1218 1266 1325 
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SUBSCRIPTIONS — 
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Total No. of PRoceEpInes distributed 3/31/36...........-..-.:c-c-0--ccsceecsssencenene 1831 


Orricers elected April 15, 1936 


President: P. EB. Smith. 
Vice-President: E. F. DuBois. 
Secretary-Treasurer: A. J. Goldforb 


Council: R. Chambers 
H. 8. Gasser 


H. W. Smith 
W. B. Cannon + Hold over 
F. R. Sabin 
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Lee, T. H. Morgan, J. Ewing, W. J. Gies, G. Calkins, G. B. Wallace, 
J. W. Jobling, S. R. Benedict, P. Rous, D. J. Edwards, A. R. 


Dochez, E. L. Opie. 


Chairmen of Sections (See Sections). 


Nominating Committee (elected April 15, 1936): A. C. Ivy, Chairman, 
G. Baehr, R. K. Cannan, EH. V. Cowdry, F. C. Koch, W. J. Mac- 
Neal, T. M. Rivers, C. Voegtlin, S. B. Wolbach. 


Editorial Committee (appointed by Council): D. W. Bronk, G. W. Cor- 
ner, A. B. Hastings, 8. B. Hooker, A. C. Ivy, C. A. Kofoid, H. B. 
Lewis, A. B. Luckhardt, W. S. McCann, W. deB. MacNider, A. M. 
Pappenheimer, T. M. Rivers, H. B. Williams, A. J. Goldforb. 
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Hanzlik, A. C. Ivy, W. P. Larson, A. L. Tatum, C. H. Thienes, 


Financial Committee: W. J. Gies, W. H. Park, A. J. Goldforb. 
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1903-04 S. J. Meltzer W. H. Park W. 
1904-05 S. J. Meltzer J. Ewing W. 
1905-06 E. B. Wilson E.K. Dunham W. 
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1911-12 T. H. Morgan P. A. Levene G. 
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1915-16 G. Lusk G. N. Calkins 
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W. J. Gies J. Auer H. C. Jackson 
W. J. Gies J. Auer H. C. Jackson 
G. N. Calkins G. B. Wallace H. C. Jackson 
G. N. Calkins’ G. B. Wallace H. C. Jackson 
G. B. Wallace J. W. Jobling H. C. Jackson 
G. B. Wallace J. W. Jobling H. C. Jackson 
H. C. Jackson J. W. Jobling V. C. Myers 

H. C. Jackson J. W. Jobling A. J. Goldforb 
J. W. Jobling S. R. Benedict A. J. Goldforb 
J. W. Jobling S. R. Benedict A. J. Goldforb 
S. R. Benedict P. Rous A. J. Goldforb 
S. R. Benedict P. Rous A. J. Goldforb 
P. Rous D. Marine A. J. Goldforb 
P. Rous D. J. Edwards A. J. Goldforb 
D. J. Edwards A. R. Dochez A. J. Goldforb 
A. R. Dochez E. L. Opie A. J. Goldforb 
A. R. Dochez E. L. Opie A. J. Goldforb 
E. L. Opie P. E. Smith A. J. Goldforb 
E. L. Opie P. E. Smith A. J. Goldforb 

SECTIONS 


Cleveland, Ohio 


J. T. Wearn. Secretary: EH. Muntwyler. Members: 39. 
Western Reserve University, December 13, 1935. 


District of Columbia 


J. A. Hawkins. Secretary: W. C. Hess. Members: 25. 
George Washington University, November 19, 1935. 


Illinois 
M. B. Visscher. Secretary: L. A. Crandall. Members: 116. 
University of Illinois Medical School, November 26, 1935. 
Northwestern University Medical School, February 18, 1936. 
Loyola University Medical School, April 21, 1936. 
University of Chicago Medical School, May 26, 1936. 


Iowa 
J. A. Greene. Secretary: C. P. Berg. Members: 34. 
State University of Iowa, November 5, 1935. 
Grinnell College, December 3, 1935. 
State University of lowa, February 6, 1936. 
State University of Iowa, March 3, 1936. 
State University of Iowa, May 5, 1936. 


Minnesota 
F. H. Scott. Secretary: F. H. Scott. Members: 45. 
University of Minnesota, November 20, 1935. 
University of Minnesota, March 18, 1936. 
University of Minnesota, May 20, 1936. 


Missouri 
BH. A. Doisy. Secretary: G. H. Bishop. Members: 49. 
St. Louis University Medical School, October 9, 1935. 
Municipal Auditorium, St. Louis, November 19, 1935. 
Washington University Medical School, February 12, 1936. 
St. Louis University Medical School, May 13, 1936. 
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New York 


Chairman: P. E. Smith. Secretary: A. J. Goldforb. Members: 731. 
Meetings: New York Academy of Medicine, October 16, 1935. 
New York Academy of Medicine, November 20, 1935. 
New York Academy of Medicine, December 18, 1935. 
New York Academy of Medicine, January 15, 1936. 
New York Academy of Medicine, February 19, 1936. 
New York Academy of Medicine, March 18, 1936. 
New York Academy of Medicine, April 15, 1936. 
New York Academy of Medicine, May 20, 1936. 


Pacific Coast 


Chairman: C. D. Leake. Secretary: J. Field, I1. Members: 89. 
Meetings: University of California at Los Angeles, June 27, 1935. 
Stanford University, October 19, 1935. 
University of California Hospital, December 4, 1935. 
Stanford University Medical School, February 5, 1936. 
Mount Zion Hospital, San Francisco, March 11, 1936. 
University of California, Berkeley, May 4, 1936. 
Peiping (China) 
Chairman: C. N. Frazier. Secretary: H. C. Chang. Members: 36. 
Meetings: Peiping Union Medical College, October 23, 1935. 
Peiping Union Medical College, February 19, 1936. 
Peiping Union Medical College, April 22, 1936. 
Southern 
Chairman: Roy H. Turner. Secretary: H. M. Mayerson. Members: 37. 
Meetings: Municipal Anditorium, St. Louis, November 19, 1935. 
Tulane University, February 26, 1936. 
Tulane University, May 22, 1936. 
Southern California 
Chairman: D. R. Drury. Secretary: G. H. Ball. Members: 32. 
Meetings: University of California at Los Angeles, June 27, 1935. 
Pomona College, January 25, 1936. 
University of California at Los Angeles, May 5, 1936. 


Western New York 


Chairman: J. A. Dye. Secretary: G. H. Maughan. Members: 53. 
Meetings: University of Buffalo, December 14, 1935. 
University of Rochester, February 25, 1936. 


Wisconsin 
Chairman: H. L. Sevringhaus. Secretary: M. R. Irwin. Members: 32. 


Deratus oF MEMBERS 


The Council records with regret the deaths of the following members: 
Doctors A. C. Abbott, H. M. Adler, W. C. Austin, C. R. Bardeen, W. T. 
Councilman, H. B. Hisberg, R. Erdmann, R. G. Harris, F. §. Jones, J. J. R. 
MacLeod, L. B. Mendel, C. Norris, E. T. Reichert, M. A. Rothschild. 


A. J. GoLprors, 
Secretary 
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Beckers Wx Rises: catecls cera lesa ee ea ee ee ee Towa State Coll. 
Beckman Harty: 22. ck oon Gat eat ee nae Marquette Univ. Med. 
Beck wath) Dia) die tet sete ee eee ea ares Univ. of California, Los Angeles 
Behine; Jeannette. tAde ote can Ulu ee ceria ee Cornell Univ. Medical Coll. 
Belding, David tee sea eas Se ao eae een ee Boston Univ. 


Bellamiy, 7A rr thas Wiener Univ. of California, Los Angeles 
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Benedict yc Reet ree eee! Cornell Univ. Medical Coll., N. Y. City 
Beno iis ae Ne Bete senor iis Wl onehe ca vita ena Sl hal lee Fa Columbia Univ. 
De 581 GEN Oty) ie sey tl Scala a eats oe eee eee aeRO State Univ. of Iowa 
BSQTy Vell hentia eeeeeieec ese san tastiest ed vessel ecu cy ee MCE AT New York City 
Beene etry AO) tunes sete ae Foe ke ie ee eels eee ee Univ. of Illinois 
Beare e ys law 1G Meleeie rs etn ss. 6) Unter t cid es National Drug Co., Philadelphia 
ee Yoorrevea Tana yaw ee ares Santas ade ees Gear EEE aes eee eh Rockefeller Institute 
Bermhiandy eA \dolilige se 2 es ee eevee Lenox Hill Hospital, N. Y. City 
Bee reriitlls aM Greve ee case se oS ue Lee Pata auth ealey eae Univ. of Michigan 
Set Inv es COOL Mime ate selene a Ne dae Soe Ca, Univ. of Rochester Med. 
Benigno Why sire leet Hert So aca Gaeta peal ei Univ. of Louisville 
Ttebene bya yore N cee sehen ie tect ece he Rs en eases cece Univ. of Minnesota 
Bally) CHR tS eee StU Cee eee Mead, Johnson and Co., Evansville, Ind. 
sinter sCarl paws 2 sss. ess esis ete Rockefeller Institute, N. Y. City 
Burkina. eAConrad By vee eee es eee Geophysic Institute, Bergen, Norway 
JES YH Vay Gye (Cereb ese le ets eave crt’ ee tease eee eae Webster Groves, Mo. 
BISHOP Wa CUAPING) 1S seem Mee etal cee Ne NY Univ. of California 
Basch elmimn rill) ets Methane, WR ARMac Aeec tre dee ca ee Harvard Med. 
evi: J oli Wien Bead deers apaesk caste Hospital for Joint Diseases, N. Y. City 
Bilsipe SUG eatites seis eestor are Aare neh cucu Une LR Yale Univ. 
Blakeslee, Albert F...Station for Exp. Evolution, Cold Spring Harbor, N. Y. 
Bilao e AH ire dt aire Faia lates Se eae ls aces de Vanderbilt Univ. Med. 
Blatherwick, Norman R............... Metropolitan Life Insurance Co., N. Y. City 
Blain, Nia blian Gh oe Heese sll eta ee a Cornell Univ. Medical Coll. 
IES atc Se 7G es, Gore eee nse ert he taeae peeps ar ahnny SVS soe Fal esazes Gres oe esheets Stanford Univ. 
HUTS Spy NIG A 2 ete nee a Ee Rea ec no Tulane Univ. 
Bilin SEO b exes! Gris eo as ese ae hacia neared a Univ. of Chicago 
Biooky Richard! (hie ee eet i arate cole N. Y. State Psychiatric Institute 
BB Toons OW ll era harsh cee cea tate ete tence cased une tbns alerts Univ. of Chicago 
NB} Rooyen’ ato Uauays Cap) Derren o ulrn targt gel nt oe renee ere ee Cn te ntan eenes Stanford Univ. Med. 
WSU. oN Vad Saeco er pe ee ON BI Univ. of Rochester 
BES Voronait Ee HVS ees senennns) then oend Meise teaser cil a atbebececals eyes NeA see cat Uniy. of Minnesota 
ABSA obese Kg Coll SHAR neste ae ONANW 1 ene os eee See ee Univ. of California 
LBlkacen gene ghee © Wiad DReeee ced ee eeu a pat alee terre re ian Beth Israel Hospital, Boston 
ABORT Neovo Abst tecs te, Ceabe iano mca teevees Hospital for Joint Diseases, N. Y. City 
Bodaneky), Meyer .:2:...00he nk aie John Sealy Hospital, Galveston, Texas 
MOGI PrN eM ee e sau. cs tasasues bdeadpcrasnsabcapuscecvucstlezestsetivc<acasbeacst State Uniy. of Iowa 
Bodo, Richardie.. 22k ats N. Y. Univ. and Bellevue Medical Coll. 
D Bal aaTeah et) e's che cl Doe tae ence mas a sea a SORE Eee Mayo. Clinie 
SPBresCont Al Urea oe pace che s0 eae Ven case bect nt nts eae ca aoe cance eeeevacea Univ. of Chicago 
Boosnbe, INVicIbe TN aie ests tena vel Lesa, Kahler Hospital, Rochester, Minn. 
DB XoK0y ese Cel aoe Mo) ei Blea 2 oe ee eee Presbyterian Hospital, N. Y. City 
Borsook, ele mrysae ar Meer eas Cte cscassnes California Institute of Technology 
MB a (Sve hl B aI DY ek pp cas ee ete Sa ee noe aR Buffalo General Hospital 
DB Ho yh) AU overay Tia aes ee ea Os Sk ere ce een ap ee a eer lene rane nace Loyola Univ. 
TBO Gloria Hite Aceesete hue ean ala sent sealer vues ee ae o Univ. of Minnesota Med. 
Bseleliinortdiey Vill veynia ll Seeeeres teed eres nce tesee cena rc, ocr ceoue sata ce Univ. of Rochester 
Parcel ie yrs eli Opeteent so ieee Oe Ranece nec evanaeesn nate rage Acer sse es ceerea--rezrees Univ. of Wisconsin 
Baise ls, dipeay poh 0l e peal me oes tees ee tee seer N. Y. State Psychiatric Institute 


Branhem! Cereal a wee eee National Inst. of Health, Washington 
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Brewer, RObert RNs ee ctek to calicpeep se teeescm teat e bith opt cnc gov sae psbansschareeuel Syracuse Univ. 
Burgi) AG ae gl ee le eal ee eel eagle ene a begs tonaee ie St. Louis Univ. 
Brodie; iMiammices ai iy usc oe ae ree Dept. of Health, N. Y. City 
Bronfeubrenmer yale ee es ence ee nee ee eee Washington Univ. 
Bronk 6 Da Wea Bo ls Ue eel eceete nee deepen Univ. of Pennsylvania 
Brooks, 7Olivde whe sae hte es Louisiana State Univ. Medical Center 
Brookes iii di IM ie 5 sone cc esses aah seca sceee eetenetee set Univ. of California 
Biko kes Se Ci a eh oe ee Ee hp ern etree Univ. of California 
Boron Gis Ope a ea ae cea gee ree aL St. Louis Univ. Med. 
PS ROh itis Sey Rn) ig OL eae A Oh 2 a sh a Univ. of Minnesota 
Botorwisaced sto erat see as a ae eae Johns Hopkins Univ. 
Brown: Solin Ba Fle i sc oaths cas aceasta te bacp setae cea Ohio State Univ. 
IB senor Bkers iA foie ole ag Ae tt Transylvania Coll., Lexington, Ky. 
Brown Hache ere ee a a scocnsnnste sates N. Y. State Dept. of Health 
Browns Weide Te te Sea Rockefeller Institute, N. Y. City 
Boyntegep MIU ES yok ea apes OeLte eer ne eter ne teaa Seana re aa ese JL N. Y. Post-Graduate Med. 
DEXoVelateeh ole pata tv 0) a°s) iri) MeMea ener eee Cuma ieaes eter amit cent hee wet lane tuner) Iowa State Coll. 
Baebibinid Gr Ci a cece cnet ree rete Michael Reese Hospital, Chicago 
Burmel iM airy Vigess seit cee crc arlene ba ee eg cena ee rereeee ete Johns Hopkins Univ. 
dB and Fou sy etd 8 Mat: WY NOs eect ieee et a ace eae ey teem NERO HANS Washington Univ. 
Bytalbo weayizeii Gi eee a ae Mal Harlem Hospital, N. Y. City 
dO} yb lal ga Oa w Ie aeettrenta eae MaPe seed Aree PseuCEITS SmePenent, Where SACK Univ. of Wisconsin 
Brantines SR a Wisewecaee eee a a Sea aan tee A Univ. of Michigan 
Ab yphacle vu Koleal Gregan ga aries at iaateteset aie 7 eee eedaie pela Na! Vanderbilt Univ. Med. 
BU bic 2 fa lc) lp atl eee area Eilon sata Se Renae Ren Univ. of Oregon Med. 
Burkey Hier Wy ek a a ied ee cata a sesuee cas tapuea eae ee Johns Hopkins Hospital 
BAY MS VOD OT GS I hs seca vctan ncn sencyeay canes ryiaceveserete acetates Univ. of Rochester 
Birr oGeoere ON tae ok os Be Ta ae es cscaay nes oe eee nca aera Univ. of Minnesota 
IBRsb poy 1 Sb wero ks A ope uot eee ate espe nt ee ele Jeera Lane etorene renpc 11): Yale Univ. 
Brmrowwes IM Dh eae secakicteutas a cecptens nt eetenct aces eecusetsaseaenaeacaceaueey Pasadena, Calif. 
I 25 oleate We O Pann ee hese ae Rt ie U. §. Animal Exp. Farm, Beltsville, Md. 
BeymestRose pete Fa Les ee Paces eeeesee meena eset es Fordham Univ. 
(Calkins, Gieaiayg BN Fe i acces east oe Lee Columbia Univ. 

Cameron) (ASD iasi eee) oe he ae Univ. of Manitoba 
CannantRoberti Wiis ey cee ak N. Y. Univ. and Bellevue Medical Coll. 
Cannons feral IR: sib cae ean eae cone Mace ee aa Univ. of Chicago 
Gani one Woaltbear (Bs Saeco soe SS a cee es ac Harvard Med. 
Gantarrow ye A orale ria ase eterno Jefferson Medical Coll. 
Cais yi SEL ea ist eS a a ee cc ee Marquette Univ. Med. 
Garson WA Balok Sie RN Ne es ee oe See at eee ee Lak Univ. of Chicago 
Carmichael Msi ech sesh Uni T A ety ee Univ. of Alabama Med. 
Carruthers! “Albert: iia22 202) seee ae Peiping Union Medical Coll. 
Gratrrbere yea liwytsaar Pe eae ao Ae RE ae asec Johns Hopkins Hospital 
Casey; (Abert Hissin Ss eo. 2s eS dk SN utes scestotenntcrseseweants Univ. of Virginia 
Cash same Eels ee OR a Ba a Be ee Ra ect ok ae Univ. of Virginia 
COP STG EA UAE PEL Ye ease ter Bel ee we Mon satire ROS See ee eee Univ. of Wisconsin 
Cattell McKee rie 2 is cee Neeson Cornell Univ. Medical Coll. 
(Coat fen ASS ARETE soe cea at 2 ae ee Univ. of Toronto 
Ofer NE a vecak Drapes ne aM alee te Mink aliny co heal PRU RE OA Cornell Univ. Medieal Coll. 


Cerecedos My Reis) ei ee SUA arate coer pare Uae ape Fordham Univ. 
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Chace; mA rthinny Wiser cae ee N. Y. Post-Graduate Medical Coll. 
Charkotiilnle seen ts st coi e a as eee eke Rae Univ. of California 
Ghani pers iivo be rtypereeserirns oy, ee VR et aS ee New York Univ. 
Chamberssp William’ hie eee oe ee Cornell Univ. Medical Coll. 
Chaney pllisie@ inant race 08 kt elas eee ee Peiping Union Medical Coll. 
Chanesrl stag Clemson Peiping Union Medical Coll. 
S Hanmipip er penetrated ths eee eur ei ACE YO BRS AIA! New York Univ. 
(Cheer iStaN reel cs sis ke We ee Central Hospital, Nanking, China 
cCiaeNaty BR VEG ea cS Ree Dane eam eC Eli Lilly and Co., Indianapolis 
Heras cn pAB ene etn eos Se). Wes ONerN eyo rat tn Peiping Union Medical Coll. 
Cemeiyaabcwnlets emetic sles 08 he A eae eh ee Long Island Univ. 
(Clamyoheksiicesic | 0. Na) ese Pace aa umen aay Aradee ei Se atb tc ECE e Oe Neat Univ. of Michigan 
CUT GIES Opi i bec 2a ams eare eae eRe yp nan ne ES PAU ny MEI OUR ao 

Chittenden, R. H 

(Clabeatssiteyahsleb ate 1 Gc Be hy na Re te ase Eee snap ese NCGS PSB St. Louis Univ. 
@hrishaniy PlemicyinAlg coe cna ern ee ee Peter Bent Brigham Hospital 
Chis tune en can eA aise teeta ne perme eneees lois ere Univ. of Michigan 
KEP OYOE SARS LAs Sala MP Aaiere a A oe eae ee a ela a ee Peiping Union Medical Coll. 
Cera As Pepe ei EES pa oe ee oe University of Edinburgh, Scotland 
Geta si Gera WV se eee Se oe a ae UL tee Lederle Lab., Pearl River, N. Y. 
Vere i> fo Hare eee Sees AE 2 cca ce eh heel A Univ. of Wisconsin 
Glarkel iia nisi Th starters Wee ee eel as Coll. of Physicians and Surgeons 
Terri Se Aree hes sepona ne SPS eR ORNS Ce ce taney Gene ul As aes Rockefeller Inst. 


Strong Memorial Hospital, Rochester, N. Y. 


Claussen, S. W 


Claw Sony ety amin: 6) ies seese tees eee tees ents an ore Univ. of Minnesota 
@Lidboryn Chines a byrcwe siete emesis 1 yi eee ee A i ea Stanford Univ. 
Clowes} WG. HA Cera Ae ees Eli Lilly and Co., Indianapolis, Indiana 
cas AEE ny Hemet i uN CCS RSL oT ISU 28s Ine Vee Oradell, N. J. 
@omoeshralll als iiilarrnie snide hee i ae te es Rockefeller Foundation 
rover ewN MIRC Zrk thes gen Was LOL 5 ke ee Rene ara i eae Wistar Institute 
Cohen miBarn ett pies a oii Ue See esl eee ee Johns Hopkins Med. 
Cohen Mi Miar bine sewn MAC ue Sed eee N. Y. Post-Graduate Med. 
Cohen wsMillione Ss sauesstiee ce Oy se neta Weeds St. Alexis Hospital, Cleveland 
COfoY i x las 18D BAMA ME OUP eu ics eta EAL DIN Rockefeller Institute, N. Y. City 
(Clos yl Rss6 Voge vi eee eee ses opmeet lee sna AC Nas -Bele Hane yeast Oe New Orleans, La. 
(Cake, YeWoc ita bige G pasa: ead alae rad Un be pas lure eee elec MEO a Univ. of Illinois Med. 
i Opa Foy 2 Ot OY 5 eA SSA es OU SGA Sen cAG Ret Williams Coll. 
ole earl de Elie eee ees aan eee Univ. of California, Davis 
Cleve), Di fe. uy Ns Re AA ne earn el a etn erate Univ. of Wisconsin 
Coles Rirfitis cies ae eee oN ei cba ees, Rockefeller Institute, N. Y. City 
(OO A WNYGUDE hae. 1B Ls ae ai Oe ae nan EB OO Rutgers Univ. 
ColemamyaVWianrenaisss wee soon eect New York Univ. Medical Coll. 
Go errs Waiter rn RS cree eo lool tea a TN es Brooklyn, N. Y. 
Collet fay Mair yj Hi seta ee ee ean cae TE eS acetates Western Reserve Univ. 
Collier Maal ara Eee eee cee ee ee ee ee ee St. Louis Univ. 
Oto bats: Take As Upstate eo eae ah ee ae BB ne Pe a Crafton, Pa. 
CGF MGG oy AIS BK pea tase Feds le a. Uae cel enue ee aS SD sae McGill University 
(hora itr is Gy eee tet eer Pech et Seneca cases ute cauiop ome Princeton Univ. 
Connorar@narles lies ce urate wie ccyceees er eceelaetece Univ. of California Med. 
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COG SRS Se sel Meu Eioh age bb eee idee ame B ul Univ. of California 
COOK FE Visi TE SS eg oI es Pleas ioe Sie MEE ey Seen rd ae Washington Uniy. 
Coombs wElelenn © 120) ssc eee eee N. Y. Homeopathic Medical Coll. 
Cope IO NESE Ssh TER ED ee ee N. Y. Homeopathic Med. 
Copenliavenyt Wi gee ys Oe iat eis oe ee ee eae Pee ne Columbia Uniy. 
SAREE 0) Mid ale hen a Beatie ead os are EA Gr ls aM ena Univ. of Va. 
Washington Univ. 

PA UOURD Evie ae Rae aces oe ML tee Pac soa fdas Meee Raenmien at Purdue Univ. 


Corie Bram eres taco ee A a ee ee N. Y. Univ. Medical Coll. 
i eeie cree tetee ater PAM NEL ES lea Columbia Univ. 

Washington Univ. 

astah esd ec riety MRE TUNIC, Rl ie eae ee cee ae eS Yale Univ. 

Cloner DS) J Rai lee ses eeaeed iP Saar anus eT A sete a 5 Univ. of Michigan 
oxy iWamrren Ni? se) tks. Sense hae Ae tented Mead Johnson Co. 
NO. EST eA tS is 9 a cope abe est Rg Na ccc INES TROBE ak Tulane Univ. 
Crampton ©." Wierd eet ese cane cree cetera N. Y. Post-Graduate Med. 
Cirrenracl sal Tene Acasa irs as sda) era re spe Os en ee ee Northwestern Univ. 
Crile, George W.........- Be ae Se EC tae Western Reserve Univ. 
Crohn, Burrill B................. Mt. Sinai Hospital, N. Y. City 
Cruickshank) Bis Wehly tes eee ee ee Marischal Coll., Aberdeen 
Gsonkeay rian oo 1 ties a U.S. Dept. of Agriculture, Washington, D. C. 
Cullens Glenn bl. sos 8 ee eee Children’s Hospital, Cincinnati, O. 
CGiiueateabta\s Piel Ee aol (el po cane tne embtircediactae trate lary SNe ene LN. ai eiGuy as 1S Tulane Univ. 
LO cobavavt arate hath argl nome Me diye Weieeeheat abel Oe cops ea Fst Di a yA A Vanderbilt Univ. 
GurtisiiG inateeurs tet Mae ait lay Mier eee tees Ohio State Univ. 
(Cartas eMiergpiie Tee eee eee ee Le aad cag aod Columbia Univ. 
@urshampw EL airvesyyy WV esters ester ee Tee ci ae Yale Univ. 
Cee ev cv Ev hoy 1 ( O Menemaa sate cepa pea EL teas Peter Bent Brigham Hospital, Boston 
D2 AGENT G VL RAs ns TR ds oo ee ee ee alate Univ. of Chicago 
AU fester Sh & Bey () Wee ate UBER gear Pee ateag tee aren cea bs CoM CaN D Ossining, N. Y. 
.......---Univ. of Denver 

Damon bln haw les\ NA ails su Agel Toca (es Nahe eee ee eee ana Stanford Univ. 
Dame lipasbr ara | 8 tg Rent case Nearag, seas LIAM a leas alae Univ. of California 
Daniels WAmmy (Ti. jhsece eect it eae ill ue cse) pe lee Ue a Mae Univ. of Iowa 
Danzer Charles sO: eee uc Gee N. Y. Homeopathic Medical Coll. 
Dautrebander Uaneren y 0 Uae a eons Univ. of Liege, Belgium 
Davenport, C. B.............-. Sta. for Exp. Evolution, Cold Spring Harbor, N. Y. 
TDaimenpo rts iilen cia s ose hc 5 sed cae 2s tot Senet erate eam Northwestern Univ. Med. 
Davis yD elon ets re ME see, Wilmette, Illinois 
DBS, VET a ae cc 2 pack cnac scans et ny spec See eae Univ. of Chicago 
Dawson, James A Coll. of the City of N. Y. 
Diarsyso ri, gels elem socks cheek 0 tan anor van AO secre come hc 3 1 ane Columbia Univ. 
HB AF sso ok yl Mae eee, ae eM Zoe ie Rt niece Univ. of Texas Med. 
Dinrspeetanins, Aeeaseee ns UVSC E TS see oe sae ‘ Northwestern Uniy. Med. 
MD Ye) yo Keen sah of0 bs Rea meres Comets rat Ora LR a a Stanford Univ. Med. 
MD FAG sie hbie hee Wend Opstcote Sein ea tA EAM UON Tin, TNA UM a ean serda yes N. Y. Univ. Med. 


Derms, Bir Gwenn coe | a ee ae Amer. Uniy. of Beirut 
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ADileyeretal, (Gi SSP ag ee sa ew lene BP Se oa aan Univ. of Pennsylvania 
Merck Cerise akan wena li Peter Bent Brigham Hospital, Boston 
HD etal atin ephemeris ore Meee ice ke ee Coe re en Reese TT ee Columbia Univ. 
Deotel ator veda eed er eee eee te in See cece Univ. of S. Calif. Med. 
AD DRG A Goyer hyo ct Nis SCI RE einai Ue Oe ay ee rule ie aNd Univ. of Chicago 
Dickson gist Gewese ule Nae eee ace d ue ek Stanford Univ. Med. 
LOWS arn hai ce ANY CIS ass DU ReMi us eas IL ARENA a Univ. of Chicago 
Denies: 10 Ware ese on. eee Massachusetts General Hospital, Boston 
Ditemaitle wharaneise hy, Ni iso ae ete aeons Peiping Union Medical Coll. 
MLD ose 1 aN ied Wars sce au cee See pre DSR ®hio State Univ. 
Waghez vara cme ct ee oe es ee Presbyterian Hospital, N. Y. City 
DOGS. ACUTE TENT lc PI eae TN SE] Stanford Univ. 
Doisy, Edward A St. Louis Univ. 
IDXCUURE yes ANY Goal DRO Ii de Reese NS ls tou Oe pea HA Univ. of Buffalo 
DOMINO Zea et ee acelin Weta asec lena St. Luke’s Hospital, Cleveland 
Nvontall disionasa Flas Ets tips cee oY 2 Je ten cate etre ca econasthnss Wistar Institute, Philadelphia 
LS Yon eth) KETO sip 3 Joie OSES ss gsc UL oes elle ee Univ. of Pittsburgh 
BONES Le IN IE, ES eee ale a ed a a Pee enna aye Hit Syracuse Univ. 
Maa PS Fa ce lal eA I lg el tl Western Reserve Univ. 
Mrowmes vElielem set sgt ge io. ts alates tnasssccstesanccagehenn ss Memorial Hospital, N. Y. City 
sl iicebo Wcctri ort) ally ese teams tee eee Se aera vee Sat nae Univ. of Pennsylvania 
WB ee Fees urea be SU OE er teak ee ik een Un le sha NA Northwestern Univ. 
UD spay Sh aye eal Bees ccf cae eer lll ee ge ane ese Univ. of Chicago 
BDH OTe eG ex ate SUA OE omen ee Hew UA ne eons Columbia Univ. 
Drespacl, aM eerie tee er CeeN NE Uist ac Mean ened Albany Medical Coll. 
ID parolee p0 BE) As pO De noc aa oy anes Fou sastunb eat antl Uniy. of S. Calif. Med. 
Tpit eeyed Be Wigexyg ad MOMMA AMES ee ae a ae a Aa la Metz Laboratories, N. Y. City 
BD all Skoatey Ss ch Ge AN nee EaRN NS hd GS ei maaan ee RL Cornell Univ. Medical Coll. 
AD) CHB RCp STi SNS For He Bie tes aaa neh is ne HEN GA MAUS dU eee SAL tae Univ. of Alabama 
St est2T apt 23 VEN BRREA DAE ey SEO De ST ee A tase GE BA Univ. of Wisconsin 
ID (aOR NESE A eo tne UE es Rt te Ane ele dae ea Cornell Univ. 
brani teva lis IE, S00 eae Eek UL ates decades conenatsuceee Bareelona, Spain 
UR) aT Ufo aR ep Una teat 1 Cea IO ORAM Os hen DESL Uniy. of California, Los Angeles 
JD VaETacea\ reg. V5 ly, ya ipl eam eee ee ei eee OIC ete MEU aa SDE Ohio State Uniy. 
Mireser Mer baremn vce. (Greases cote Mek mee Wena Uo. teva Gee ne Yale Univ. 
Wineliers a eAsdia mig 20 oe sie ees cca eaceeaeacssnletooataseloace Pennsylvania State Coll. 
Tra OES SN ek a A et saa A ee Tulane Univ. 
Du Vigneaud, Vincent abe Georgetown Univ. Med. 
AB) eee Sosa ail AS A ld ARLE A NAA AD AAR eR Cornell Univ. Med. 
Aiberson, SERGI G1C Keser eee es sare cea ctact saseenaras see eo sreaa erste San Francisco, Calif. 

To) Sey ep Di] ye a Be A HE RN Western Reserve Uniy. 
Hrelceh eamete bl em tevin © eeeee crt ean Site cence eae nn cncn oes: Sentaenovosevacsuses Uniy. of Michigan 
ABT Glia Viet betas elicns een en pee eerie cote cen ete nu Seo oeaene dene cadena Columbia Univ. 
VS yolanyonavoley (Ch. WAG eee leet 4 cet ieer let renee crore eectrereae cee Univ. of Michigan 
Wbyakayfatrdo IDs Nee teber ana iaa te Oe eed i ee nee eer Cornell Uniy. Medical Coll. 
CES clryy cere mee Moar Ghespeeteasetecees eemierae aes None scl esecs le seee hey lye ataeaen cate Univ. of Buffalo 
Eggston, Andrew A.........--.--2:::-c--ceeceneees N. Y. Manhattan Hye, Har Hospital 
SPR ites aa Vise xc VMleeee ares ea eee eet ue ee leas teu Pearce recs eecemteedscerertanr= Univ. of Missouri 
PONS rOneaslay MVR. JWR. a ane ae 0 eae iy pee ae eee ana ees Johns Hopkins Univ. 


Wleberg, Charles Aisa ip-.-c----ceccecececcereeceecnortnce Neurological Institute, N. Y. City 
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Hiser We Jae puis rcnannen neu Aree eee ORNL Umiye: MediGdia Gols 
Hina OTS OD Cap Aic ees tecrseu decent eS shee cace oe eacsten atest sean ee West Virginia Univ. Med. 
Emery, F. E.......... Univ. of Buffalo 
HES vate’: ill By pNW sete ata, GAR Be oe ce Ere acl Opa Anh cea pre AaB aN Stanford Univ. 
HSDp AV Saya] aod Ean aioe aac e pm tL ies aa aR rr Ga oN eae ee! Columbia Univ. 
Hips heirs Ai Aye ever Tees Seay Ne a ere eae Mt. Sinai Hospital, N. Y. City 
irlaniorent Os Opis val iace-en tere se ure ye aurea ent ma eeetenners es Washington Univ. 
HD ean Sheba shs) UNG gee Bal OY pete iPod te) py A A ate Ea ca ec ecm Pra Cleveland Cliniec 
BST uN Bb 528 10st NORGE ee ae Paani Nallp pec et or Re Mayo. Clinic 
Hyans, Alice On ere ....-.----National Inst, of Health, Washington 


Hivams brer bert Missive aii Sra k eas coer sa oes ane ace tet Univ. of California 
Hiverett Ml iy. tae eee SUE IS IS Oe eae Univ. of Oklahoma Med. 
Ewing, James Cornell Univ. Medical Coll. 
AHS UON elie GANS Micpsegeateecesk ed waar eet tana net Ee ae Univ. of Wisconsin 


aber) Elamol.d tise satu sh uilale yeni patented ai se becheie renee Stanford Univ. Med. 
Univ. of Minnesota 
New Canaan, Conn. 


Falk, K. George ......... N. Y. Univ. Medical Coll. 
Balls ah red @ricke Wis a tectc.n.ccteerot a carae caeee Seem meine Mes tice roan Univ. of Illinois 
Mamantbemer sa. Wie secs esat este toca ose eer St. Luke’s Hospital, N. Y. City 
Mariner | Ces tory ce etre tse eee eee ee aha rae ee Northwestern Univ. 
Flare Blane stp) ei EN A Yo ea ae anny nad Tulane Univ. 
Heil lanold.s ewe ce eee Western Reserve Univ. 
HENS cai Dg Acero Rc Dae pa Paras es oot ASA SD en Hines Dea Peiping Union Med. 
Hens) Wralllace Oi ie ee eee Univ. of Rochester Med. 
Ferraro, Armando....... eater U Ci eae N. Y. State Psychiatric Institute 
ee RTA DRY Harvard Univ. 

Reais Reenets eur Stanford Univ. 

Univ. of Maryland Med. 

Rea Peeral MIA Ma a hak le cedad i lad one ae 2 Battle Creek, Mich. 

AUBL OCEANA RUDE es ie ela rt sac nee te Leia Johns Hopkins Univ. 

He a LSEAN eA ae EDR SUPP H SRE SEC a dea PHT a 258 Kopenhagen, Denmark 

J ERESfe aoe) oe pay RN Ue Aer tee TS a Ate ee Medical Coll., Va. 
Fischer, Martin H ns Univ. of Cincinnati 
Fishberg, Ella H.......... Beth Israel Hospital, N. Y. City 
DSH] eV Ol Pe Aa ik RE Aa MAE ior frame est Gia 8c) Univ. of Minnesota 
Fitz, Reginald........... Dl Pa MARNE EA ALE eo ps Peter Bent Brigham Hospital 
Btitzqerbl dipdcn esi c cs cee ceed ane ceean pe eustcssee anette cera erces Hae Univ. of Toronto 
Bieisher; Mover .S 2.50 eae eae ay ee ere ear eee St. Louis Univ. 
Ws} UiG ot alend 2001 os Cl cel e Pela Mi a GE al alate d Alas tea eo Columbia Univ. 
Bilorenceibanitay ysis eh Nuri ee te eee er ce emer ee N. Y. Homeopathic Med. 
AMbbiebsaKen obo (OND ALM DEBE eaten merece eh emn nearer Stanford Univ. Med. 
Hlorbes tiller ysis ce. fit5. tos oie Us ec ee Renee ee ee a A Ue ae Milton, Mass. 
Forkner, Claude H a Peiping Union Medical Coll. 
Doe bidet Wie al oye D aearesesse eis: Be eas Union Medical Coll. 
Wigs Pers G:0-00 win i W.. fee Ge a etc Columbia Univ. 
Howler! (Willig Vises hice tucceea sie ters tuete ge aerate neea aaa State Univ. of Iowa 
Moy S181 0 yal Disa pein vere Cie dara lent res eee Seripps Institution, LaJolla, Calif. 
Ara ralks, EVO DEN Gs estta 2 Caras.) tes ar ee MBA AAU eC Mt. Sinai Hospital 


Brazier: (Chester UN c22:1A0 sec. seune eeu len te eee fea Peiping Union Medieal Coll. 
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Freedlander, S. O........ PURO = SMe me erie STN Gea ages Western Reserve Univ. 


TRG weet aval IDSONVIUS] sp ener pe le rn ec Rensselaer, N. Y. 
SPCR TOE Dy wack OO rae eT Laid tekrcteerdserr ea COMMmbia, Lna vy, 
SBIPOUTIG foe) ULES teenie aaa feck oibiag Uy an ay | Cornell Univ. Medical Coll. 
a dericia mies Oiwort we in kere SNe Univ. of Copenhagen, Denmark 
dHipie clemmnarana se Uy yeaa. sin ners ed a iok ae Gl A etal a a des OU 8 Univ. of Chicago 
Hat eATSTOb GV) 0S ONY EG HH) eK, 2, RGR eae eevee nee Univ. of Pennsylvania 
MBrmolpisherw la wiin toda Ness rk doom sey ett Sa iat We oN Baltimore, Md. 
INTO Ta ec ated nae Pbk yas ee ae eels a es Ak Cornell Medical Coll. 
a ev Alra st se CP) BUGKA LANE oe ce eteanne ee eae 2 2) oR On Cane Tap me Iowa State Coll. 
GEUTTI Pota we OME cee ola saaisa ne er ned aed soot ae dle, WM Eeea a Yale Med. 
d slopes OAS be ulna isp, aeapinee ieee eae nnn Mok (1 Sante Gite Ae eaten Dir ies AL Paris, France 
1 DPB die Ka) CG ae ne eee Oe aR Rud MRO a cane ‘Cornell Univ. Medical Coll. 
G2ebler, (C18 epee eine enn tee Paar rere Henry Ford Hospital, Detroit 

(Cieatexemt da ait CWeh nt nar gesshels rol caeaee Wine NOM eee Un adn aoa nea OI Tulane Univ. 
Gtererr Oris bretnctigaes teeth sels es te 2 oy Su aie Sate Brooklyn Botanie Garden, N. Y. 
Gralll deers HY ieee eins ee tet sole ress toy rade oa are eg Univ. of Chicago 
Garalale elias yy ata eo tects ees eee ir deme ee eee AS Ue Ae Harvard Uniy. 
Gamba wAuo ream’ deterrent Aes wt ee ep Lenox Hill Hospital, N. Y. City 
Gamdners Mero yi Une tones oe ae ee ey ee Saranac Lab. Tuberculosis 
CG Sy Sesya MIME FeV DE soe sees by eet a et ee me are tee Vanderbilt Uniy. 
Grabeel lER elo tia Hp ats smilie ly a IE lh aN re hee ad Bee Cambridge, England 
Gasser, Herbert S Rockefeller Institute 
iG eeyat EE Be aes a I les ae ae aero tema na Ree ML ee Columbia Univ. 
(relinyg oe MiST ay VEN Eee: ease at Pee ey Voge Ue ede Univ. of Chicago 
(Crensteperananyot td a Uh ere ee ater rege Aree ee Mount Sinai Hospital, N. Y. City 
Gelfarien samrel) teeter eu ieee eee as Fe ee Univ. of Illinois Medical Coll. 
Gre llavehiga ey shi arte ea Ee ae hii on lds Oe ecole Univ. of Illinois Medical Coll. 
Gengerellat I Acs wk pees eas oN ee Univ. of California, Los Angeles 
Gera U te Wigner tte teas pom eee ed ers oncs cs cecanety secures ath Uniy. of Chicago 
Gerstanbercver Eun i saree enon ae Net se ay Meena Western Reserve Univ. 
Grease TEN vo le rit ier neces Cae eee oe he onegsctdbanteaenas Uniy. of Michigan 
(G Yetta apes can NTA RS Grea DM era Un Re ee aL ncn eRe N. Y. Univ. Medical Coll. 
(Grane lia ial witic, peste tee Vien ected A PEE AVON sree ek Yee Oa eo eet Columbia Univ. 
Griltaisey Cau ame oe lene, Wat es haere eel GU ee eo Univ. of Tenn. 
Gi cuineme mn peg een ee ee De AEE Ta TR eal eee Ae ee ee Univ. of Iowa 
AGS eA NV AU Meu TMS iat eee OL SEN CI ON as Petey Aca As Dre gl Columbia Univ. 
AG milk latest stu 1 Qseds avon sy <\G pra aaee eu iaep ished matt arated a eRe eID Neen hep Pomona Coll. 
Gilligan sD orothy Risse eles scc-n- needs e pear aaa Beth Israel Hospital, Boston 
CE ib atebalp VEL igeY6 bt oes ode ae na et eee STO al et ce eR teane Came RR Yale Univ. 
GalSOT MARES Mich taleere mee a ener eae ee a bras tr Coteus sn Washington Uniy. Med. 
Grider Semel NS passat embenctay nes na. .sceree tech Mulford Company, Philadelphia, Pa. 
Givens yiVianrice lie reen tet. yn. 2 atboes Northwestern Yeast Co., Chicago 
ASASS TNS CO ELOR Cte ua Pam raceme net Ni ut treat acera scar ese ecaaue a Amherst Coll. 
CG MIS RO Knee) ae treat tes eee arena eae Rn eee ML Ib Va sete Cleveland Clinic 
LE ABCC coed DSi a eee th oA ROL ee Mt. Zion Hospital, San Francisco 
CG ayn Slay AOR fee ead ae ihe cba oe ed ee etal be er eecce Columbia Univ. 
(Grol sels rrer yaya caes tec tee zee ec pss See ete tac peace tone eae Cornell Univ. Med. Coll. 
Goldberg Se Ae acetate cerkie a tokeanese Presbyterian Hospital, Newark, N. J. 


Goldiplatbnckl airy: tscecette t-te cct-eg.tasteecaseseseasteqsietenstensceateaze Western Reserve Univ. 
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GoldbloomyeA PAUlent ss. 25 ees cote tere Beth Israel Hospital, N. Y. City 
Grold:for ty: tAny cise er tate eo Si: el cee ei sece nace eaiieen Coll. of the City of New York 
£6 op KO woptiny Sanu Ps aR SASS CLA PS Rule re caine eta N. Y. Univ. Med. 
Goldselarardii, # Saimmel toys ste 5 ce eee ea eee ee Univ. of Pennsylvania 
Choe dita: Ae Se eee, BRST coe ORR eee hee Yale Univ. 
GoodnerwKentneplt ci 5 sey sea ein ae eee eer eis Rockefeller Institute 
Gocthery tA ee Bias Univ. of Minnesota 
GG Ses RC Ee Mele 02 oe AA Se ante Ch ON AOR ty ee Nn Columbia Univ. 
(roses MR sammy cd es ae 2 Fh Sin aera 2p Oi ome Uniy. of California 
Grout] d vba el ey’ IN geese yar eae SS NOES aT Ct ete elena reer eee et Tulane Univ. 
Gralesert Jamies ists ates cone eet aie eee a een is Univ. of California 
Arana Se ivigi bs) AU eset 0 eons nig scree ee nena One ee nee Washington Univ. 
Gratvama) Felon Ws tyres cece eee hectare age Wane ce neonate Washington Uniy. 
Girtaves! Wealllneimn) Wire ROR Cy obits ee er Aree eee eam St. Louis Univ. 
Grieg nigenl i hav elas SiR ieete eR aL aelck ikea terete cones sya Se paul ah Ne Stanford Hospital 
GBeD nye sp aa DREN Ul is Vac nea me net carta dee oor Macaroni Jewish Hospital, St. Louis, Mo. 
Greene io bert Orne cece lorena oo ease ee ee eam me a Manan Univ. of Minnesota 
Greenbers sD avid Nis eet ree ee ae are ne Cate Univ. of California 
Greene, Car) ciate 1s eee aicaay EMIT aed eet Wr te aa cae renee i ed Brooklyn, N. Y. 
Greene; WV amnes A. ween arate se erty eee Sennen tes DO State Univ. of Iowa 
Greenwald cid or ites cee eee eet eh mee aN aera N. Y. Uniy. Medical Coll. 
Greer wood. railairin. eect pase eeeen Sears bey Bttcy yeteae net OA Pee aa Univ. of Edinburgh 
1G Sify eget DS 413 Bahan ka fs Sane oR Mod be deme acne GAL ey Western Reserve Univ. 
Gregory, Louise H........... Barnard Coll., Columbia Univ. 
Givecrontey aa VVitee eles isne os ips oe eee eran on Be Dvea ven ve ee eto Uniy. of, California 
Greisheimer, Esther M...................-- Women’s Medical Coll., Philadelphia, Pa. 
Gori fhiGhy creGy Rs, ved Teeteteten Maciek eeesa re A 8 NI anaes en bomen Univ. of Buffalo 
Griffith, Wendell H. .... St. Louis Univ. 
(pg Stel Opes ataley © pra sseie LAAN Sale alae hey a ce ean yagi condi baplun de State Univ. of Iowa 
Gross muons Meee ier, Wee Lele Sela ge) at tara erent Mt. Sinai Hospital, N. Y. City 
Gruber wC bar les: Misra Mite ore se Vi coh be shee ene a eee Jefferson Medical Coll. 
Guperlet ede tat er slats te omcuee ee aera iste tne (hme Reet Univ. of Washington 
(IONE O UNG tlc, Stree he oN srocseeta es 2 dea, esaren vn wane cone te ie Univ. of Nebraska 
Girereramiiee Ne hee ioe oe Nahe sy oat a ea ey Pennsylvania State Coll. 
Gunn tebe nels: yD) oie Uae ev ies Pei ae ee eee Northwestern Uniy. Med. 
GramchotytGinarles’ 5 ite toi See eye euecer te ah ee eae eee San Francisco, Calif. 
Gursea vsciiagm tue! (Gieeiieeccc esac lace eae racers A ae Ree ea Univ. of Denver 
CELT esy ou Cet ie chan Gt shana amam Ramune olnty MGEOE LAr in Ucnr e Eel ade ce Upjohn Co., Michigan 
Guthrie, C. C...... Mead BH eeuben GA co elena nivE hs umerecie Univ. of Pittsburgh 
Gray: HU eae eee a Peiping Union Medical Coll. 
Gruasyrenes MiG Fests aie ae goo ca a er errand en peer Univ. of Wisconsin 
BE MELA TVCY Ese) Werate), Auts tee ee me NDF Med. Coll. of Virginia 

dS eyolen gd Ga cul by oye tnmaeieuay ges Western Pennsylvania Hospital, Pittsburgh 
Hafkesbring, H. Roberta Woman’s Med. Coll., Philadelphia 
Elagami mW illnema's: Ace this ease. t 5 heal se es eer re eee on te sae Cornell Univ. 
Hall, Ernest M....... Univ. of S. California Med. 
Ea Ri soWsese see eke PC IS 0 ee eae cee ec cee ee Stanford Univ, 


ED all serv. Fi ata Stare cisco cone ca ok eos ce ee ee tie aa Le a gan ae Tulane Uniy. 
Halsey, Leo bemty blir csc crncbipeee aes taicn ete cue renee N. Y. Post-Graduate Med. 
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HambourgengVialter Pwo. 22s Ul, ee ee Yale Univ. 
EV nue Ty Vir Wasee tec reek Nala a Decrees lar Nees AN Sap Rush Medieal Coll. 
Efamil tome ye he. 0 Sena koe et ee Uae Fa ee aR ae Chicago, Illinois 
Be bsyaapeeyeiags 1812 Us t:0 tAL a eae Se ace ean ee ne eetuB sree AL he GeO Iowa State Coll, 
bale natecswe) 1 Sec hal id bial yd ae pee eee ieee ee onetime! Presbyterian Hospital, N. Y. City 
Hetero nme Mier r tang sews ee ceca ek pence ae it GU oe eee Univ. of Chicago 
Tenn rag Eee E eeaeem eee ces ct sca -ccn seneasdeuivacstaieses teed sede Peiping Union Medical Coll. 
Hansmann, G. H Columbia Hospital, Milwaukee, Wis. 
EsMerizeeh Let Reape ney Beet = EOC ORES Se eat cace canons leklesaceses Western Reserve Univ. 
Tele yaV Al APR kei 2 Se vi ee ey hart oy a aI ‘Stanford Univ. Med. 
Be Tee UNS 145 cg a A a rae ior eo fae eS Per tee es Pasteur Inst., Paris 
TUG SEENIG). SEVIER, AR a iene eS ly BSS Pls olen MPs BOS AE IE Tuckahoe, N. Y. 
1S ones NGS NE icc 6 (Baan pigmrcanial ee ae ash At Seeean Sales omar Le Nast ney too Tulane Univ. 
tam risom ples (che es. Were pair he Sees 50 7 ake Seat ales by eal Mien Yale Univ. 
Elicina Creamers wAl slit esc ase ce Cee ceca caesar te as Johns Hopkins Univ. 
toi ow, Wem yaminy 228. eb 1 es eee een Coll. of the City of New York 
TSE actihy ARO ya) Bop eth me baeae tp ee a Alte iano eae Sr Re EE Univ. of Wisconsin 
Hela Ceonmen elses Eee OMe i ae eka Ne Univ. Farm, Davis, Calif. 
are eal ch ob sec We yey ts Sal Un ce ne ore Ca le ees IRA PES. Ohio State Univ. 
Mis Liat oNez HON ENN NA A poet Ont dae ree Seti ao renee aM or Ford Hospital, Detroit 
TETienrsye vt Hoth Orato ese ee oe ee ae Princeton Univ. 
Ela vieryas annie lt Ca peeks ee kee ee ese eh glans Seite nneee tas Yale Univ. 
Das bind Am SAIN( some et iliie cece N Salary eed beg. Nate see Harvard Univ. 
arsine ANG stacks eau No nce ae aE Univ. of Wisconsin 
Phatberiviss ERs @ pace: eee ee Bln UE Ice cas cade New York Univ. 
Hatha wayabeiward pores ta Sl ee Tulane Univ. 
OS Bd al Se gS eee ge A, Re ERE aaa NR New York City 
Bawikins. dames Agee No) eee a U.S. Navy Yards, Washington, D. C. 
bLaivichery Chia nents Meo eeine nec, re ese She aees dt cece ROU ea Cornell Univ. 
PRAT eels ME Ve) Bc rac ead cana sem etc Sere t cnn dp vendeg cose rane Western Reserve Univ. 
Hlaythormm,, Samirel die 2.2.0. ..-se-soseen cone Singer Research Lab., Pittsburgh, Pa. 
let pre laitie clare. crt bomicch ee acne, Y feenihk en se. ae Zthe oes Seah ed Columbia Univ. 
Heidelberger, Michael. Presbyterian Hospital, N. Y. City 
A Melt Poteres Wats Wise) V2, tess ee ee oer cee a cts re et ht Univ. of Pennsylvania 
ietmbecker teeter. es. ie Ne Tae a csceuceae eee Washington Univ. 
DFAS teen) ema Vcr Socuek Toes rat Ms a Paces SU ae Cenc acts sos avec New York Univ. 
dS ioilraaieuig, 0) 2 0 Ieee ee ene a en ea AI a eae Se Indiana Univ. 
Va helbend avo) 15 esate All Q eimet oared eS aol eile ie tea accra aera a abe pe hoya Seo Mayo Clinie 
Veli@raiel ete waynes eee vais a eee rah See NU ocesuauhtg eeihcbon ct A Univ. of Texas 
eM UCT PEAS MET Meee eae essa fase B nas ca scsasicaar tata saechvhanstaas Univ. of Minnesota 
IeTenshiaw, (Rte eyes eet sat ccce cen cuuneaetes Memorial Hospital, N. Y. City 
Perna nis Gres Recetas asec. sseceunsteon John Sealy Hospital, Galveston, Texas 
Herroldsehusselle Deseret tamen et Nae ce We eee Univ. of Illinois Med. 
4 Key yea saleay a EU BR tee oe oe Ss et Rel ase am a eae eS St, Louis Univ. 
EVES SUI ALE Tie Claes cen eerste eee reer sccenice ania ele Ss Georgetown Univ. Med. 
SEC a alee jal OP) NS aay Deeg ee pee eae are Oc een es oe op De Iowa State Coll. 
Oi Voysamgeyay sys tel fink Oeste eA a ele pe aera eee sre U. de Gand, Belgium 
OS bil Gp) gat Opes a Seat aa ars NN eee Sr EE Creighton Univ. Med. 
lira wae SETS MH) ie presse eeran sl Oe eis tse cet et tis 26 Albany Medical Coll. 


Eline ener piMites eeeseee ee cet telncnge. ee teeenruees ec ed Sealant tea easlce State Univ. of Lowa 
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Hinman) Fram ke ioc. ioccceleescsenscnecesceeecteroeasbavorape M..ce, UDIV. of 1 Californian Med? 
Himrichs Marie vines! 00 ocean ceeeate aes Univ. of Chicago 
FETISH, Disc Gere ses cones cere toe coe rae uN uaE Se ane aie ee 8 Stanford Univ. 
in sharw bie Ge ets pat oetlntanan masala atep NEU Seseees cote ns Leesa Mayo Clinic 
Hirschfelder, Arthur....... eisai fe Univ. of Minnesota 
US Etsy gad LU Bean 8 oe an te RR Pe a ce URI ALD pe GING) Harvard Univ. 
IbitpelncoekswBiredh Ac i sig.5) Pee 0) os ea ee ene ses aes Ohio State Univ. 
HobmaterMachaelixsicnies Cale inka Rie ees ed manee ciety! Univ. of California 
ioe pplinivantel eis wate a UG et ean Peiping Union Medieal Coll. 
Hofimans> Georges Wise... kes ceca nn cee Allegheny County Hospital, Pittsburgh 
BUNGE Ss ae eaten Oe pal nA Chicago Med. 

astern ie ea eims OPIS oe ne Univ. of Missouri 

Prolland er) Mirsirikkbin Wess Ne ete ee Columbia Univ. 
holm, ‘Georee: Hie Cae ee esa Dept. Agriculture, Washington, D. C. 
E¥obmniam i Hiaailly Ru Vaasa ih ad ee Stanford Univ. 
1S OVNGOCEHE YD WIR AE Dep ML en | | ane Are ede eee pen sf ota at YC Univ. of Toronto 
ERY WCRE PAIS ANE [otis wm Boa BOM oA OEIC A ose) OS a Natit tot We ofa Univ. of California 
ETOH MAGS ES name bis Bed wate Meee ee pee che Ae, mececnets ae ee cate a os Johns Hopkins Univ. 
EV OO KOT aL) diy CMP OU Lie poets le eae wise essa coe ace cesta tate erat Univ. of Pittsburgh 
Hooker: Ww wantord S20 55720, sc can conan ganna ke oO ny eee Boston Univ. 
FRG O MEH AIC Hard Ese Vue R eae ee secca eevee teed yale paisa ane Rensselaer, N. Y. 
is oy oer 0) Ban rh clo ey epee aA Mies tek AO Len ea NW eyes EWE Rey fi Columbia Univ. 
Hehe yoy ana sid Ris hasgamie pte ae niSe neal ee eImOU Cree chnnels se ehir prea! 5K Univ. of California 
Horsley. /J..) Shelton’ 2. .ccscensetetlk St. Elizabeth’s Hospital, Richmond, Va. 
Hou, Histane~C@hianic 4 oii eeeseccsssares Lester Inst. of Med. Research, Shanghai 
Powe; Pay yo au tes a, oe a ae Dept. Agriculture, Washington, D. C. 
Howell, K. M =a Michael Reese Hospital, Chicago 
TET i Ce EL eet eee OR ME Ng Pee ice Lat a Clee Peiping Union Med. 
Hibbard; Roger ie se 350 ales hielo alee deeaeoas Buffalo General Hospital 
udson JN Parl ie ae eee Ohio State Univ. 
Hughes, Thomas P Rockefeller Institute 
Etta olimiery ste ht teeee sev ice esac died ee ey es ie ye pie dee ee Univ. of Buffalo 
Eebmsehier Ab Is CAN en has ATEN ES, Ts pace to gana aren oe ee Detroit, Mich. 
TEED rate rate feet 0 Ms A ele na ae nit Lan Nee Harvard Univ. 
Hunter, Warren C Univ. of Oregon Med. 
Ete agiri broscoira yt ae) Lee ee ah aioe tat eda hain Sha ose ee ee Woodbridge, Conn. 
He BVTSTen eyed uifsiiipeaYO als bee tne Ee are ere ALG, aa keh sre rin creer ee Yale Univ. 
[rwin, VER TETO TIS Maly PCM Ae, Cot ce Rois ee ee ae tee Mie a Rockefeller Inst. 
; Trwin, M. R SPERMS MIST FANE Et D5. 5 SE Univ. of Wisconsin 
TSaaes Vive Wael mew us un een Simpson Memorial Institute, Ann Arbor 
Tiveyi,'g2Asth Re wee ea ee ae re ae eC ol Northwestern Univ. 
Jackson, MOL Ls oe SEB Sella a dire RUAN a LAN Univ. of Minnesota 
HJeKelicctoy ais Oa pl Shyam Cee LaLa Ie Gas tes aber tans Une eer es Uniy. of Cincinnati 

A Vel stoned gale Lose cya gic earec asennad eee teystrct ate R ed) ene Boston City Hospital 
dacksonveRachande Wade tc ace lee eases tee ae eee Cornell Univ. Medical Coll. 
UAL Ulcct lees RR Me pois Ces NO eee Univ. of Chicago 


Univ. of Pennsylvania 
Jaco bes) WalterwA cus, acai ahs Sue Ree ee Rockefeller Institute, N. Y. City 
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SECO DSO I ARV CLO TA Crp erene: Stas we cee ee ee a Troy, N. Y. 
AGN itch & (Nat enn dl UBS ose ese ate etree em TN Hospital for Joint Diseases, N. Y. City 
Uisithermite Mail bleme tree clare. tec e, ce Se tie eRe LV ae Univ. of Illinois 
CENA MMreITIET PMN Out eetee tate eae c eee ita ease cea Ue LE 0 Univ. of Iowa 
le MITA OS Ae Ts Seer 9 08 ok GN ue ee Johns Hopkins Univ. 
LOTSCH ie ELAS HT eee eoepere ei eat cae RL oe he Johns Hopkins Univ. 
SSO tim rr eek Wietteeeee aes eet les Del ee ee eee Columbia Univ. 
Jpovedboakg ls SN ESU SS. 1 GME elas on ae Ua ener uae Vanderbilt Univ. Med. 
ri Fowahatehss J Moy=ir eur? (Ns sc ONN aoe ae a De et ne NO ae we Tulane Univ. 
AU eVewar Soh (rs SENG, AUS a II te RDU area NeW si OU ae A ne Univ. of Chicago 
HOMINIS OTIC MC peer ta hs oe SEL Tee ARM Se sates ey Univ. of Utah 
Johnson, T. B............ Se Pan ek A UN PS a A I ce Ol ieee Way Yale Univ. 
CollutemaN ormvan CEL. cr eedee seul Lae el N. Y. Univ. Medieal Coll. 
SRG aVaRs 7 avy at Pt CAMINO oA SAQA IU Nf Vege RU eet CO Univ. of Pennsylvania 
SOLES fl DR] Ay, ccc Seat ag an ee na ae LE eet ot Pe ere St. Louis Univ. 
OTC WEIC Wap ne ee ose er Ml LCE AL Sah ion eS 2 Univ. of Chicago 
ey OLOD intl stp eaters. Jara at aera a Sein tS ee sei Univ. of Virginia 
Porstads: Wi. see eee Barnard Skin and Cancer Hospital, St. Louis, Mo. 
PICNS Ue EGS Ba 8 NAL eR ON gC ae LAS ee ere aR Boston, Mass. 
Juhn, Univ. of Chicago 
ebayer WE V1 Renae Sele) la se RUB A abel at ie eve 1 Bis eNO cate Univ. of California 
eDprailieniael eee Was A a See ee 8 oa ee Washington Univ. 
CUAYE Sve) UE RET aly ik et AOS Ue LOA eee ee Northwestern Univ. Med. 
Jungebluts) Clauses. 4. noes Coll. of Physicians and Surgeons, N. Y. 
Ka WOOT! Co sicrstenc tp ncscetuartvirect tie ncnarwens Cornell Medical Coll., N. Y. City 

Kahn, R. L Univ. Hospital, Ann Arbor, Mich. 
Kamm y.Oliverpen tty aoe oes eee oe ne ca Parke, Dayis & Co., Detroit 
eairgin rsa blige lesa Nn eee ahr ca cl neal eis Western Reserve Univ. 
TEE ES Dau irae ae eer atl ra ee fantom le ten EAE ON EAE N. Y. Post-Graduate Med. 
Useateryciminal yee ah SV ea GEIL se St. Luke’s International Hospital, Tokyo 
aia gl Bad ae eect ain eRe IN EF Un Ramen geri Be Michael Reese Hospital, Chicago 
Heaipzemel bom G1 51S Pe a cee Se Ne acest ceneetncsee Johns Hopkins Uniy. 
Gat zm eee ani Ae tse ea OY BAR Rs ue eee St. Louis Univ. 
See be rte aes pene ily ead la, UE eM Uo ty Boston City Hospital 
Hee TOA gE PETS) cee sas ecaceseted ce ete Prec ener ecto ey Ure ees Univ. of Illinois 
ATS tating (Gen pee aie sc cS ATO Ne os ee Univ. of Wisconsin 
tellers soll cay) pie hs ort ee see a aes oe ee Univ. of Alabama Med. 
SERGI ar Sig Vet ete sen Cc a Univ. of California 
Cee ran sp Elie rls taeece sac see eee cues docot ee Baylor Univ. Medical Coll. 
Nocera ea eA srr aan Vina ee eee ke eco Saas Northwestern Uniy. Med. 
cern ell ease (Cerne ocemee ae Sy a ene ge Mayo Clinic, Minn. 
Heretic I aecese ca are oe ant Se a Univ. of California Med. 
ROSES SATE Ifo) gE AMG a ee Se i ae aU Univ. of S. California 
Hea te rast Ee aan eee See a asi Coll. of Physicians and Surgeons 
GDN ip AOMORI OE Sie cea ope sae eae bate AE aS ee Washington Univ. 
SG DT aris td rev ses pce eee a ee es Te N. Y. Post-Graduate Med. 
TES ch ne ch aired ends epee rors temet escent sete RN ey oy Coreg See net ear scares Univ. Va. Med. 
| cGbavecs Ml stl Kova 1D ee ok ence gone ee eee pe Wistar Institute, Philadelphia 


Terni) ne, “Tiellro vey YANG eo oe eo oe pe ere eee St. Louis Uniy. 
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Karkbrides Mary | Bi2tuiin a as see State Dept. of Health, Albany, N. Y. 
Kilediper, icp crore ee a Sater ee aa ea Le ea Univ. of California, Davis 
HCG EEVT OTE el eco ha Pal et feseNh a cabaret ay of cere ere N. Y. Homeopathic Med. 
Kiletinain s Nathaniel pass: ser, Se ok oie Bia eee uneuniee arenes es Univ. of Chicago 
Klipler Orpen creme of west cba ak eRe ial cra ns eae le Hebrew Univ., Palestine 
ACTOS ESE Stee cents ST et a SRNR Mt. Sinai Hospital, Cleveland, Ohio 
BO Eo yr AR Os) oy eaten eres Me clit RO a reer eee a dents eee Univ. of Toronto 
eG kres hi S Lah cols d aes ah lash eee riba ele ha Uniy. of Chicago 
Keno e ele i cea eee Neate eve a RES Ah AR ree ee Vanderbilt Univ. 
Kerio) bons Hirai; Piso eee cal ae eee ee Syracuse Univ. 
VEG ais [Saye Nay 1 lg era a ere a pdr ee GS Albany Medical Coll. 
W ESC0y ayes al bd ad by stays Whatua pede Sener the Cea apt one oe G. D. Searle and Co., Chicago 
Foch, Wired 1s c2 052 Oa ie cial Sa ae ene Uniy. of Chicago 
Koehler, Alfred E Santa Barbara Hospital, Calif. 
HO LOTO SN Cer Gs DAL a tector ee ae SES reece cee eer Univ. of California 
Solin te CROTIAG Wig cee een era ole Deri tare Mt. Sinai Hospital, N. Y. City 
AES TIM rs reD Ear AS acs rate eh ta ie ee Univ. of Pennsylvania 
iKopeloliy NIGhOlasi ee en ere ce eee ne eee, Psychiatrie Institute, N. Y. City 
Roppiinyi, cheodore pr: otis nas ae eae ene Georgetown Univ. Med. 
Korns, “Horace Me ee De sO HAN hee State Univ. of Iowa 
KGOSe ry Ste Wah cao cere tne einen ens ee eee Univ. of Chicago 
pramenr, ery anim ieee enw enema see Tele oer phere ae Brooklyn Jewish Hospital 
Kramer, Si) eee ro tees SE eae Set Long Island Coll. of Medicine 
REG yA ATS Wea OUI bat tin AA neta Ne ie Ante ek auteurs Univ. of Maryland Med. 
Kirasnowrsil rances.2 eee aa ise ee Guggenheim Dental Clinic, N. Y. City 
Fearigss AMINTA Sate. ete ® Leos Pcie a 3 lee na a there Ae ase ates ie eee Pa. State Coll. 
RTI EM CCK Ye ehir ekess eee en BR al AeA ee ee Brno, Czechoslovakia 
Keron tel dP MC sk Be ae TIS eee ahs ee al lid oo 5 SAO ae Le Peiping Union Med. 
Keornerer, VAN uP eh Be leks DRS a EA Raat eS Se een Univ. of California 
Krumbhaar, E. B Sere Univ. of Pennsylvania 
Krnse,'Rheopiile Kas mere ee hea A oom cee oea ne celal Univ. of Pittsburgh 
Terre lameness Pk N ew rinses te Sear oa CNR Meee aia GD) ah at N. Y. City 
KundewMiaroaretoMt ts <i 02 ats eel ee ee ae Chicago Med. 
Tenant 7s elo ses: ee eee ot See ci Rockefeller Institute, Princeton, N. J. 
Ror wAd b ert, ne nelle 9 epee UE Ne ie 20 ne eee St. Louis Univ. 
Renrrotelaketrig Ds: Wi) 055 see) ee eee), ea eras ol yaa Peiping Union Medical Coll. 
Kurzrok, Raphael Coll. of Physicians and Surgeons 
V6 Ye bapa WYOTIN Us saa Maat ences era eee alae Presbyterian Hospital, N. Y. City 
Beene) Oy e9 AERA) Ry: Wiles ea AILS ety aa eta ate Rockefeller Foundation 

dE aiee"oh oped eke nko) eRe le aE Oa a ce eee te Vanderbilt Univ. 
bamson sRoDeriaW ecco terete eee Pees resect Los Angeles, Calif. 
Taancetiel dy. Dyii Biseca Gn al halt wk oni emigre mane oo telus ane ena Columbia Univ. 
ABE orebichs Ofmun yee eee sth BU neers ...Psychiatrie Institute, N. Y. City 
Teandsteiner Ward. ee os Oe eee ey Rockefeller Institute, N. Y. City 
Langstroth, Lovell at San Francisco, California 
Meer lacuna INS Wiese cece ee a aN eee Michigan Department of Health 
‘Warsells \OVeih si o0s00 toe Sc a0 oe Be he ie se ee aa a ee Univ. of Oregon 
Tiarso ns) Bic wre rd = oise ss 2a eta Ora a ae a re pec Temple University 


Darsons Wi Pi tea Ce eet en Univ. of Minnesota 
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Weaitatononn ar lin@) eee. ee 2p teen eo ee ele 8 Univ. of Buffalo 
Wana line weer Rl. ok Ve Exp. Evolution, Cold Spring Harbor, N. Y. 
pare Tis papELenitny deem hee ace ee a eal eda es eee yy 2 ae Tulane Univ. 
Terao ye Cat eee petces tt oe te sad ee EN kat Univ. of California Med. 
Tbealkerie cede wren eth Gd es vi T3942 eer Hygienic Laboratory, Washington, D. C. 
Lee, Ferdinand C Johns Hopkins Med. 
Tiere bine Wer em omni est ne Ber oa el ed tt Columbia Univ. 
Ae es PAVE © emer 9 Ciera ts ee Harvard Univ. 
etre temo tie eed ae hs oa cee en ed ia ea Ui Univ. of Chicago 
Urea neu Ts saisramelO tees oe SRY Ste NS as Union Coll. 
AM COMTET Ci VCHCLCIie sos ce. cu oer oer era ene alae hs Me etd Johns Hopkins Univ 
even tal Ast R 0b ist late ae Ree sole Rockefeller Institute, N. Y. City 
I Geyratiey, USEING Se Se cia nae ket cer eae ee Pp ea et Meee ee ee eee New York City 
TBO arie aw Naame sco Je ot ae are ee ye a eco ens SM Towa State Coll. 
Ubewvani ex Ne h te lsc 2 ro ean Voces ash ean. t tai Montefiore Hospital, N. Y. City 
Ne xpline te aN ph see eae eee areas ee ee Univ. of Wisconsin 
d Lyshyaba¥eyy( tSten copie) lavAat Spdes Fev anteh ey ate kan ane aL PU eat Cornell Univ. Medical Coll. 
WheviMie me VGLOme Bite Geese cect er Me eins eT Te ls Creighton Univ. 
Tein somen came boA serie ii 0 eee al mes Vance, Sales ee Ben Univ. of Illinois 
TMEV VR INE OTaS ye eee PACA sane aS Ue ayy eice N. Y. Univ. Medical Coll. 
WeviyeRio bentyl Amer ees ne ease acne Presbyterian Hospital, N. Y. City 
Mewistwhowardiubc ne ny eee Ramu ees tty 2 wi Univ. of Michigan 
easy wlvo Deri .ce cee emia ay oe See Aah, Ci UY Ble Uniy. of Colorado 
Mice ele y leg Secon se Bee ce Mig ne ine) as losin Vie gh Cornell Univ. 
DAG Oy (OK CRE aU Ba Ea a 7 el ee ree Ome is Columbia Univ. 


Univ. of Chicago 
Pad aaa nr ST Se eae le RC ao Ae Univ. of Chicago 
Peiping Union Medical Coll., China 


Sermo bert wk gene Aine wale acl, Peiping Union Medical Coll., China 
Wimdecren ei Oxy Cnet tsar one voor os kt oe ee Univ. S. Calif. 
Reisinger chimorls Mivaie tie fie sees cess Peiping Union Medical Coll., China 
UTBOM AME C HAT: CNN recente Seen OE ie SCN nu ccs nea eee Caleutta, India 
anjorcieyra ts Gaal eSy Dae cece. ek eee oe a ean ee Univ. of California 
NERO OOo a. ea ie BNO Bec aN Ri aa Bar Harbor, Maine 
Tian haose 2c nse ae, a ates Peiping Union Medical Coll., China 
Bove Ken Neale i Sac sme iA ds Mae W. Pennsylvania Hospital, Pittsburgh 
WU TEVG, IDSC a ne nee tore pf meateers e ree pe ene Lene 
IUats) oS ARY OY ccc ih tL Sere mn a en 
Tine Del nto neti eee ae ate a sae ae Ete seo ee N. Y. City 
Loehwing, W. F 
OM OT Hig mene smeie ee scala Nees eee Slt Ae cae i. Leningrad, U. S. S. R. 
HT eee Oy edlslinie Nines Bee COMME AOL de vs Luc, eu eee gsc eae a Univ. of Pennsylvania 
N Uay oe sN Pl eyed Gite ae eae te dm penne Henry Phipps Institute, Philadelphia 
Womerag la ereri nie, binge uaiae tee ee eater rie (ons WET one Johns Hopkins Hospital 
HOMIS'C OTC Miele eee eee cee ahaa Ee tetas Johns Hopkins Univ. 
TG aniewtucye ineeee se eis Faery ely nee Worcester State Hospital, Mass. 
Lorenz, William F Univ. of Wisconsin 
SURO TN Mai Die cap Baar ay a eae ee ee ecole eee eee ve Univ. of Calif. 
TUG Tae Ooty ane ere me cle ee et Neon tus hen ree en a Univ. of Calif. 


RY AEE ANS AU Bresette tree Mae ae Ree cap ee ee ee pe aR AE Stanford Univ. 
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TenGke SB ald wants oe. sites taste oe te etree Reena Univ. of Pennsylvania 

2 RAI CLE aL Oi Univ. of Chicago 
Northwestern Univ. 
Univ. of Texas 
Henry Phipps Institute, Philadelphia 


BAe oat Sistsecca uae out Sas bene ee eed ae EOE EL ee St. Louis Univ. 
* tt Pay Aa eedead OD ae DEE CeCe GHEE A Ny eset it seta yas Ohio State Univ. 
ESM primes eS eereeMCUeR Lut Ny-nce Rockefeller Institute, N. Y. City 
Univ. of Minnesota 
5 LE Ca ki Mn Pc ener Ae eens CEO MENS Mt CG eA Univ. of Calif. 
éGanny Wilkiaim iS: AU ee beetle se ee Univ. of Rochester 
MeClendon,Jijcltrancis i eae ere eee ees Univ. of Minnesota 
Mie @ into Joi Ts oso 0 a cr eel ee ieee ee Ore Univ. of Iowa 
Ve © eo ena BRIE * VE Pes tate eae ee birdies Do ee et A Johns Hopkins Univ. 
MiG Gordoc kev HS aA wiis bm lumber yas anlar t Saibaba encaaran nN os PIRI Washington Univ. 
INE GACays? OUST HE ele ata ae et Soa rele ear tao ea eee aay ne nd Univ. of Rochester 
Mie Cilla hei sas sere oe naa tiase tate ie dele een es Cleveland Clinie Foundation 
McCutcheon, Morton Eri ar ARE rhs oe ea oor Univ. of Pennsylvania 
McEachern, Donald............ Sas it ale kane a, teases AEN te Univ. of Pittsburgh 
McEllroy, W. S.......--.--:----- Nn Mere een Peat tnt e bane tacere) Univ. of Pittsburgh 
MeGinty: ‘Dantell Ane saris 2 valet ani aman oasay ee Parke, Davis Co. 
Meelatoslt Pus Ginn es Sos ree pe nO eels Babies Hospital, N. Y. City 
MiGa y Gr SVEN et incl SeseRiet aise ele on aes Bassett Hospital, Cooperstown, N. Y. 
McJunkin, Frank A.......... ns as rch la A RES RINE A EIS ere geod Loyola Univ. 
Mie Ki benny Part S o e  e Univ. of S. California 
IV Gl Gia yee Seis Bipatae Me cer aaa shee eae ee ameter George Washington Univ 
Mie Kerile yard gaac mane Benak Univ. of Minnesota 
Gu EcSafcyeM aiegeal tly thal ol BN agi Oran enes omee ewe eel Doe Cnet e hens ceo tcen gestae Univ. of Chicago 
McMaster: IP iiliyy! 1D) Sassi ice see ee eras Rockefeller Institute, N. Y. City 
Mie icant sey ant Wictecsee cries rit es itm Ie Slade Pittsburgh Hospital * 
MECC) erciarver elie witnie rt 2m ae see Bas aie rate eee As Univ. of Minnesota 
Bu ale Ge bere aes geen ane cea rere Peiping Union Medical Coll., China 
MacDowell, E. Carlton.................- Exp. Evolution, Cold Spring Harbor, N. Y. 
Bi eV if) 2) ballet ean ent lene lemme mee a ACY Beer Ate ASU hears esa yee tn Baltimore, Md. 
Mitere Ktaryan HMO ie ers eee Aa Scripps Metabolic Clinic, San Diego, Calif. 
Mackenzie George Mii ees Bassett Hosp., Cooperstown, N. Y. 
Mine isco ir Grare cee et ti cy ie 200 a0 Uh re ot MB ea RR es Oem te Columbia Univ. 
MiaicN eau a WWiersrted hiss ih lei Sia ic oe Nieto fea ee N. Y. Post-Graduate Med. 
MacNider/sWrilllitaim dei 2ef.2 lvoe eo sel epee Univ. of North Carolina 
BEV ieee I cba so gene sere tperas ea He ators eno RES E Detroit, Mich. 
AN Tee a a eyed Ls 1 BY se Nae pe eA Earp ets ankle AN Seo Mayo Clinie 
Malamud, William Iowa State Psychopathic Hospital 
Mia itinae aa iW Siero yer cP 9) oe task 1s ene a meas Leet Michigan State Coll. 
Mile araysstres reer a ea ae eee eee ee a Boston City Hospital 
(Mialarieryy ir Jakes 2a te ier Se soe pec ae eee aera N. Y. State Dept. of Health 
Mialtaner ss Buca mle ne soe aes Sane Ue eee State Dept. Health, Albany, N. Y. 
Mandel Arrcchirt ysie nates lie cot oliak irene aaa nz ennieds N. Y. Univ. Medical Coll. 


Mann, Frank C Mayo Clinie 
Wann MELuIbe I wan etre 2ie nee ae U. S. Veterans’ Hospital, N. Y. City 
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Manville, Ira Albert an ea eae eH Cy Univ. of Oregon 
Marri eivina es hWWecpticaatn We Taal a et ee a Stanford Univ. Med. 
Marine aD) avi dle Li a eT Montefiore Hospital, N. Y. City 
Minion itz Pao meet etn me Une Pe eee gsc a Ts aL aR ei Toronto, Canada 
IMiammansteni id simereee ee, 6 25 CNS el nee ont Cornell Medical Coll. 
Marnioitcy Mie Kanal 24 2 ue ee St. Louis Children’s Hospital, St. Louis 
BIE SI, late, e222 0 1 lee een CEE ate eLlle e UR NN Ya AU IL Rae Gettysburg Coll. 
Airlie eerie lea ha ta ones a Gh Johns Hopkins Univ. 
Marshall, Max s csers hae a ROMO ea ier ONSEN rhe oust cease Sie Univ. of California 
Narita ella ycimnee shake EE ee ee a Johns Hopkins Univ. 
VERIO Hl eA ey Na AR PP See trae a OY nt ere va sek Wee Vanderbilt Univ. 
Mig cera ae Avr hirer jeans Ss Na a ge ee Ne ae City, 
MTA revere byt Oligo lapel ee aye eee Ue Sean Mec ey ek Rt rN New Orleans, La. 
Mattill, Henry A State Univ. of Iowa 
UBD ees OVER Gy 18 ladder One ie oa oe Ee te een ne er et aaa ga ap ee Cornell Univ. 
Wietverson tb tea ty, seers Sera ulerne ee cen Wnts eel eds Dells Tulane Univ. 
sMistvart coircleat GAVE - ete APRON ca este hie Ne ie gas ce ere RI, FOE Cornell Univ. 
Micekaims Mrllomta tari sae epene ieee cete net ae eats eee es i inn MeGill Univ. 
Medes Grace samnaiels: 2 on Lankenau Research Inst., Philadelphia 
(Median iiss Vin Marek NC wid ae vnin nae nae yer ee Mt. McGregor, N. Y. 
Mie ekad Walton c) aber testi otis aren enh 0 uae Univ. of Wisconsin 
Miecrpmltuilim ersommrnesr sii thoi .c Uaioe! a curiae Ue Western Reserve Univ. 
Miers: HSB seein aes yee Dairy Division Exp. Station, Beltsville, Md. 
Mialen ey. hie te mebe cn obs ee Presbyterian Hospital, N. Y. City 
Wel atts 9 ete Hite ee a ies cel Deu ate Iowa State Coll. 
Mellon seal it wave acc ns Western Pennsylvania Hospital, Pittsburgh 
Mierke ha Viet v docs waetinnre to a Siar ook i a ae eee Harvard Med. 
Menten Via dei Wasa te an eet ere ne DAL ey Uniy. of Pittsburgh 
Menwallesiliegn queer netic te erect cin a fet ee ee Tulane Univ. 
Meiers: Stacy Re a ene Neetu oe ei oa Univ. of California Med. 
Weyer e Arclol igh, We Mee Ru leis any ou Se sete iseac Johns Hopkins Univ. 
UV yee gu SIN) Sete ae ee a PASE N. Y. City 
IVES ers ses Auiien Wie. ici ne MEN yr en eee atu aie Stanford Univ. Med. 
LAY [hea gs 1) ESN ING ee am ee adc Queers ian qed ieee lee Noma Aen neat ee men Ea Columbia Univ 
GNU) Peas, DBR NR BR Sat apa ee ee RAC eRe esa, ar Ue na NE Univ. of California 
VIG Wert ae O)eaie 5, boo. 1alcs0S) wens Irene Nee Rn, ee a a et Univ. of Wisconsin 
Mile vere ap a isGre: SN Stee ane ee ee ae Need Univ. of Wisconsin 
Mire aelicns Weonorge Cac .clse. Gc ey One ete Rockefeller Institute 
WVIS Chel semi cee Nea erate dit 208 1S iy 5 fe a aS a oe ee CR Jefferson Med. 
Mid dle tonics Wa Suet ros Ns Te ee A Univ. of Wisconsin 
VIGIL S NAV ees byes eee eee er Ve Re ea Seve eee ee Yale University 
Milhorat, A. TROT" 200 RPG pee rn aS Cornell Medical Coll. 
Miter ea arpa tio lane teens 3. eat coke aes Uniy. of Chicago 
IVC erred Cosme te ne Roare es gee et Mee Ue, ECs Lae tla cau Columbia Univ. 
Miller, alin sR Msspionumedl ena tub erstidl yy: Loewe OL he Ny ee Western Reserve Univ. 
SVU ere Ghia eT cern Pre NO abc Mls American Univ. of Beirut, Syria 
Mailer doseyo niu nese aan a oe AS ee oe ee ere St. Luke’s Hospital, Chicago 
VISTI Git A co Tae Ee eee ok a BN a a SS earn te New York City 
Mallets @larencen ne. eee rhe eee ee Cincinnati General Hospital 


DMimortasG Gore calc eaky ieee eed neerdee catntne P eh ae tae Boston City Hospital 
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Minaya As face clu oso Shoe ae Se dee ns ee see ee oy Wea Rockefeller Institute 
Mittehel iri Glens te. atk eee TS ee On at eee eae Massachusetts State Coll. 
Mitchell, 0. W. H 2 ore pe Un) SET eRe ee eee 28 Syracuse Univ. 
Moberg, Erik G a Seripps Institute, La Jolla, California 
TMio0 11, Vi BERR See ee ek Ae RD ie Jefferson Medical Coll. 
TMOG SIAc, SEU Ren Meets “iiss | ACY be ae 2 RO as 2 aie ees ge Se Univ. of Oregon 
Moore, Car! R....... Univ. of Chicago 
MiG ore; Sei rey thiol sic eas a car oo Aloe A eee Univ. of Oregon 
Mioiomrey raltioy Ag: tate Mie sh 9 0 Sa a ee Cornell Medical Coll. 


Wu Pes Recipe retell cs Bae one Pa a eWnae ei Re ee California Institute of Technology 
MforrontlissehSeronts:..22-<<setsccaeaee auceusesesScseasees Univ. of Nebraska Coll. of Medicine 
MOA Rae R SABO Cha! ar cae acne, Laie eae aay Western Reserve Univ. 
VTi fe) A ete! Oe cnc seeac La eg TCR le sane EK. R. Squibb and Sons 
Eels ds{ ey see Banat eRe wena on ae raion Seba ae eum ce er UNNI alan canta ts New Haven Hospital 
Mompon jie bint liste cea ss eee eee Le sess estes Univ. of Rochester Med. 
Mosent Wall wi Oi ee) ek Das ee eal eae N. Y. Post-Graduate Med. 
Mia ied aaa Ws Sse eh ares ate Cy WAU P SL AECL ee oclael Peiping Union Med. 
MMe Keri rse shy Syteeee co el cera Coe iaeee ne Ee N. Y. City Bd. of Health 
IMU. AS tia tht leok a ys ste en Neer ee ee eee ee Univ. of Pennsylvania 
Madie. GRAS EE Sree rade, os tee) ete ULC Nee dhe ee eae Univ. of California 
Mireh lbereenit GC otVViie eek eae aaa ae ie Sy Northwestern Uniy. 
Morello re: “Ses Selo war dit ne a atiesanto tray A) Sey oy Le Siege ee ae Harvard Univ. 
Mialinos Mi Giga ei raed ey DOU Ua ha nea O81 ee hs eee Columbia Univ 
Mad es Wise eh ete Les an Me Sere a a eee Western Reserve Univ 
Maller 2Gh i oirs tt 20k oc ae Se uate Bee een Boston City Hospital 
WWIBTD Ss ded 6 leit (fee eesti ea Pe ies eee Se eaeMke RE ace wenn) Univ. of Texas 
Muntwyler, Edward Eee Western Reserve Univ. 
Bui bitte: boars CKO) (babel st ober see sak Oe seaiaene bed rape Anat ria fanne Wan a oae a Univ. of Rochester 
Minarey Disvea pl stechee cea i: ooo ed EI eae al Bae Mee Univ. of Pennsylvania 
DiS Gatsey oiloty enc 7B HoekeN ot Mina WAN oe eS ely a RACV iae PANY Dac en nae Rockefeller Institute 
(Miaien anys hones eles eS Ak ei Sia ache I ae ea Rutgers Univ. 


Musser, John H................-:------+ 
Myers, Chester N 
Myers, Harold B 


Uniy. of Oregon 


MiyerseVachory Orca mess os he eee oa ern tae eet Western Reserve Univ. 
Nathanson, Wi Coye tied s ew serer penn ea eats MMR Erion eye At. OM lb Univ. of Minnesota 

Necheles sje, Osh ull) 2 Au pelolaka ll Ui ea Se eee cea Univ. of Chicago 
Nedzels An Sige oS ui ee call ee I lhe Univ. of Illinois Med. 
Nelson: 1D pry valal AS Reap i Bie utente aes oso U. S. Dept. of Agri., Washington, D. C. 
Nel som; itiipr low Co cess cosh oC arc ree eC ro ee Rutgers Univ. 
Nelson, Victor EH ct Iowa State Coll. 
Nesom fe Wit © scam ie 9) on Sones coer pee on ater Ae cae er Yale Univ. 


Newwinthidisaacii 120) wh k nettle Uc eed eee ee eee New York Uniy. 
Newburgh, Louis H. Univ. of Michigan 
Ni, Tsang-gi eas eee baa Peiping Union Medical Coll. 
INGcest i 35 cores aie te tare baa) dal a 0 2 0) EB Ae ee a Ohio State Univ. 
Nicholastsd 2S: seeeoeh eh 22 Uy aed oe ee ae he eee Yale Univ. 
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INT oll SPH Eh WH era ae cave cha My ed Cornell Univ. Medical Coll. 
NTC HOUSE erase ena eee <n OR Se cee ec ale Wise oS st Univ. of Wisconsin 
INEGI AOD ON ok. TEES yo Ce5 a (B Ran seaNlGe teach a ie ere aa pele Univ. of Michigan 
Nigel Senya@amrlige ee eee Ue en ele her es Abbott Laboratories, Chicago 
Noble, G. Kingsley, Jv...........-.-....-.- Amer. Museum Natural History, N. Y. City 
INOTrig sip a eaeetere ea lonk Se ot a eae Univ. of Washington 
BN ccorstel se Dir (Cates ee ae 0 loa a pes 00S ea Oe Cornell Univ. 
Northrop my ohme ris. te Rockefeller Institute, Princeton, N. J. 
NOs: Tipe an eneemne ee a eee Upjohn Co., Kalamazoo, Mich. 
BNVfonwayrem Birredl Sree ea oye ce oe ie ese he AN eh Univ. of Michigan 
INTE CSEOR AN ce Hori Le ees yea lee i Northwestern Univ. Med. 
BN aye MULUPUN sesh so Pataca aE LS i ee ee be Boston City Hospital 
(pPreshkove, Viale < iat sara tert ei denn Se os i ae clap a laeogel 1303 St. Stephen’s Coll. 
OGTISTIOTE ME Tire VV fap Ace seme ec reten Wh co N ee AD sh 97 dom eH eane tan, tee eM GE Tulane Univ. 
COST lemons eects re tenet ern RECHT SRR TS) eS ale IS GHUNS Se Se MeGul Univ. 
OReey SEG ie ise eee sitet Nate ene rea fe ce doeterte dt arate fot Univ. of California 
0) rere Tey Ae rele berrecte mere to wren ene RUC Aen NED cps AT RMON CRA Ep CAHN Washington Univ. 
Olitsky Peters Iki ts as i ee See Rockefeller Institute, N. Y. City 
Olivier We Cares etre shee ee nace ui sier Naren Os Long Island Coll., Brooklyn 
Over WE VV cone te mse ee TONE horn rue al eke tee, Long Island Coll. of Medicine 
Olmstead, Miriam P Presbyterian Hospital, N. Y. City 
(Diireatseevsyolag Mirtle AES ek ala le her scr ben a gear de Washington Univ. 
Gy erarsy 7200 bay fof gd BY Raa as Rs cea dee Rp et ee Univ. of California 
(Ole ren Brn ern ee lie aelsrreseas eres strat ee eee aecee Cee Cornell Univ. Medical Coll. 
(Oy oyeyepadaNehtiookthegied Re Shas acute Aen eRe pm ate epee rote Soe Columbia Univ. 
Qrent, Pisano teen ver ee Johns Hopkins Univ. 
Omni eins Ceo rire: cnee ese Ser es Say oe Sa ese dal eee eat Columbia Univ. 
(Did Wer adegt [CH CaYe Sie J's Mic easement a ep pa ed oy a asd es ae Yale Univ. 
(Oster Toxo Ll Saye] Shy exces UP en oh Age. OA a i DE ON oR La Univ. of Oregon Med. 
COPSTUMG lei NY eae ete wa ee RL EE ae aa ee a ee Los Angeles, Calif. 
Os er bio wih Ws cde Vee a SUE DS ee Rockefeller Institute 
(OHRID a ayaa Sg 8 8 eae et ste neem ae ere Ee Mt. Sinai Hospital, N. Y. City 
(Qi ik Us TU a pc pase See Cone een N. Y. Univ. Medical Coll. 
DyucelinierayersCoyan Aa NAAN ets he ean oT nr oa on SOL en Yale Univ. 
Pack, MGreorr ee iron Nase ecn nana tegesececctest ea Memorial Hospital, N. Y. City 
[Dever lephel cls Ape aia Ne Pal a ies eerie Rockefeller Institute, N. Y. City 

Pak. Chubyunere ls Lester Institute Med. Research, Shanghai 
allman y Me monisosee wie i, ate eee a So lala Univ. of Minnesota 
TEs > NAV ge eS oi a Mp an ARE gt sho DM Univ. of Chicago 
Sealine VV fot Waseca ess a eee Presbyterian Hospital, N. Y. City 
Cornell Univ. Medical Coll. 

Paee PMA Rs URE Bal UNH ent aN atcas reese hae ee tet teo Columbia Univ 

BRN Mee iiaa ee 2st eces alee MD Ase he (Ek eas neat Rodgers Forge, Maryland 

(2bhd ey \adlbiey on] 8 Beam raesua st ne et, eee ae Department of Health, N. Y. City 
(Pam ber mG comoe El aseie vitor ete steecnce ets sae csrernccse et aetieeerntsbeeaborcies Harvard Univ. 
APD eoree TG mV eee eee oe I A cece George Washington Univ. 
{Ebro ysfosaistulaRellevae dU eile waa Poa a Pas ae blk Wie pNGeaae reece eae Uniy. of Wisconsin 


De Aenmd Ls Weald WO) hs eyed ce roa eee aera err State Univ. of Iowa 
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Pedr oer Tote ee Speen ne i ts ae ae ata anaes Gy Rockefeller Institute 
Pearle ymon dies scat a en eee el een Johns Hopkins Univ. 


PesaseyiueVetrmsnnt Ura sacide ees aN Se ae eee eae Univ. of Rochester 
Pease, Marshall C...... Saxe es cee Re eee N. Y. Post-Graduate Med. 
ev late cleges pest i yea se wearer] ive Weak cry tise Roane pe cuentas sion! N. Y. Univ. Medical Coll. 
Pemberton? Ralphitic oa eee Memorial Hospital, Abington, Pa. 
342) slat: 0 o/zAl hoy. Dap sane Seen acer AU aLenieyer Ret OU a aitou Univ. of California 
Pentields( Waller: (Gicuuas Sa SMe, uc es Se ea cs ke McGill Univ. 
Pepper, O(a Rerry uk io ete ls cctools ules eaceneny Univ. of Pennsylvania 
1 Eych Ka) D287 (6 Mas cea eM eee aes Pee ne UE EEA N Montefiore Hospital, N. Y. City 
Pemlarwierg, “William AG 22 sccdsctin dead rete aceon a ers Duke Univ. 
Permar, ‘Howard. Ei gccccst eeinceateepte nee Mercy Hospital, Pittsburgh 
Peskunid. iS anna tied shia sce chee cose sete hee ae Cleveland, Ohio 
Peters) Jobin P ce it ci-s cen. Lontjathghsetsestin€ cents Saaced ais eet eR a Yale Univ. 
RAbOTSEN HAV inj Hhsccscacoay tere Soa eet ase uate sae Univ. of Minnesota 
1 ET re PE O N UAN ROMO an eee alike Mee DOM ROND NCUA DUR melange AE Trudeau, N. Y. 
Pfeiffer, J. A. F Johns Hopkins Univ. 
US Ud ae oe Py) MSR NEL ne Ace ce Se Coll. Physicians and Surgeons, N. Y. City 
(Phemister, Dy) iets le ty Bares ea ae Univ. of Chicago 
‘Piereesabbarold iB estes oo los, PRES AN la Daa Se Ns a Univ. of Rochester 
PGs Ai eel oe Re ee ae a Ae cea tore? Univ. of Illinois Med. 
Panikerton y Eliemt yj site o.ceccep eae eea paca ae os oes ee gr Harvard Med. 
Pannen Mime SNe eh Oo os eden seed Desert Sanitarium, Tucson, Arizona 
TUE NATE Csi 3 ih eke Iie dan steers eter aenenne tea nal Roweern UNEP Ane anarme A! Univ. of Lowa 
Bilas HO SaDD eee OREN oh OU OAR ee tea a ee Univ. of Iowa 
UP Tiong, mbes ys ea ee ee aaa elite’ Pasteur Institute, Paris 
Pohilmvan, « Ameustus | Ge -ccscne res tee eet uae cea ee Creighton Univ. 
Herold ovcl ahs] Mesto menses apresteey Vice anes anion Pet WL Ae ean ....Cornell Univ. Med. 
Ce UU ete) Doel i) Pee ee eeernsa Deen Gece ei nied nae repr Sate hy Northwestern Univ. 
(omidiery sHypieiie, aise ela aus ale al ae ee eee Cold Spring Harbor, N. Y. 
Bowelleebie Mg cc u aires a) sian os pejudvsesachacede es Ui ode ane Eli Lilly and Co. 
Powers, Grover F......... ae Yale Univ. 
Pratt, Frederick H....... Pa Se oe ere ean RAEN, Tay PSE eA Ue ee Boston Univ. 
Pratt, Joseph H............ siSsgu alt DcL PURE teas eacatac cat eaten es, cane aes Harvard Univ. 


IPrreiyathilerOvaSO\ ey ae. ece re ee w-....-N, Y. Univ. Medical Coll. 


Pritpram splines cette nt eaten hs aapas tuner as serena Chicago, Ill. 
Prince St Atpica ee ee Hartford Hospital, Conn. 
Proescher, F’............... ee talpvics asus tecasat cnet errarnerenescat ae San José, Calif. 
Puestow, C. B Univ. of Illinois Med. 
Ore TASTOINTOLE eM oc ene aa cea er ae Rene ame eS Milwaukee, Wis. 

KA ites Kee) inl eerie ce assed cia ty oe eRe Western Reserve Med. 
Quimby WW Cie ee eres as es Peter Bent Brigham Hospital 
Qudans siidimond? Joba soos esse eee aceasta Rockville Center, N. Y. 
Resins, A dia er airs PS aie sae tee eee te as Oe ea Univ. of Chicago 

Ite) ah oly) 4 O eaten erm nao een een ren arent ea ata Cornell Univ. 
Raiziss, George W Inst. Cutaneous Medicine, Philadelphia 
Raket Geo firey aw aiuieucss ts cosussapacssecsseeete aes esa e geese get al Rockefeller Institute 


UAT SH Tea nen eet yaoi ie eae oes are N. Y. Univ. Medical Coll. 
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PFGE OIA VV ne oa eee ere eal ae I ad Northwestern Univ. 
A cieh oyoneveterg AUN Cele eee mi iaunive ane lee ot aiS eee Sa UE NU anal Tufts. Coll. Med. 
IE ets THATS Tae Tee Cee A Ye a on ce eae Ue fa Univ. of Minnesota 
EV AROT SS Nel enna Nel aes ba a ane ele N. Y. Univ. Medieal Coll. 
OER CULT ops eee ea Lain DLS na Ta ee NS Co A Univ. of Pennsylvania 
TRIB y ar Crtiesks sane eetaea ree eh I ds ee as Long Island Coll. of Medicine 
Rolie ad a en Ua INE ee aera aoe eran a a veneer enare pe S. Side Hospital, Pittsburgh 
Read, Bernard rl... cececccete ee teeeecnece Lester Institute, Shanghai, China 
Feil rae Dario aes ee egies Ae ide ee oe ee Se eee Stanford Univ. Med. 
(Reed mOanlosmlewe mates tah tai see ge eT hee as Univ. of Illinois Med. 
RU CeOiAlee reste ee nue Red Lames We eal oa aan tua Univ. of California 
DAMN aMe a} ee ah 4 ct BPE moe Some tees ee Sena Ao pe ep EO Stanford Univ. 
PROPTCHG; T eG segs a RU arch I i ae ag Western Reserve Univ. 
Teedmigrin, welobarrty Aes cise sees fa pe ee Pee ane hee: Univ. of Minnesota 
Velma nisms bamberye ese adc wns ee ec Univ. of Pennsylvania 
Tiemmer nb stn 28 22 ksh a ii ee ik Ft Burroughs Wellcome and Co. 
Hie titeaerte dine Hinek Su nunes eM UI ee Ue ee cees Sa SAEs es eet, Yale Univ. 
Ree yniolidsey Chapa nha x iin re es ih eae aa New Orleans 
Bley lig Sieh asus ekae Aisle cepa CE alec Long Island Coll. 
Rezaik- otis beail Meee else oer ea ee Cornell Univ. Medical Coll. 
ibomaes, \Cornelinsn tke, eae weed eh es eee ne ek Rockefeller Institute 
Richards, Alined| Niece ter tee Seer ee Univ. of Pennsylvania 
Richards ileal: aia esi osc tee cncsace Memorial] Hospital, N. Y. City 
Rochardcons Henny Bia 0 dy lee ee Cornell Univ. Medical Coll. 
DREICL OR eS) O 6 a apse epee re sn et Ee Univ. of Pennsylvania 
Richey, DeWayne G Univ. of Pittsburgh 
TRiielite ree Via mint Piss seas Se aN eS 2S ae can tates Columbia Univ. 
Riddle sOsear a eee at ee Exp. Evolution, Cold Spring Harbor, N. Y. 
Tee a eA yea ere a ae eames ee ie NC ceca le AS oe Minneapolis 
Ringer Michaeliza noch a he eae ee. Montefiore Hospital, N. Y. City 
IRawvensys thomas Miss. 2 setts oes ce a She ee Rockefeller Institute 
eae cee Saya ae ie ae I aa a aol ccenesee nk Syracuse Univ. 
Aaya" avebet ecprg ChHoaY oh quae PANO RIA esa as ears PRUNE dy oT ena SRne Meee op een aon Uniy. of Illinois 
Ho memtson, sOS weld. TG esac ee ee Uniy. of Chicago 
Robingonti@harles( Suis. 0 eset Sk ek oe ahead Vanderbilt Univ. 
Robinsons BOGS a toes espe ealcendde Antitoxin Laboratory, Boston 
RobinsonwiGee@ambys../00. eee ua ee Cornell Univ. Medical Coll. 
RIGO MI OSE Wie ees 28 sacks eno eccaaee Chloe beatetteys thet pcassteaernes George Washington Univ. 
TEU ONO TTS es Mareen tty Laem a EEE Lo cect ten cent rare RO cats Baylor Univ. 
Teton estou ue Df PIN Eo Sh ee Ses fm arte ADE Ray AS oA ar Univ. of Chicago 
Rohdenburg, George L.........-:-:----:-:---c---eee-eeee Lenox Hill Hospital, N. Y. City 
Romanos Alexdee limewire Oise ete ae ee Pcs eek St Cornell Univ. 
AS-i ZOHAN Ose eee ree tac Sc nyo oe NLL neste Sn Washington Univ. 
RUG ONNIE PENIS sepa ecie eiccs at cae Pa Secs tebe taal niet ane cmae state leat Univ. of Chicago 
FRG Ot Wiss scarce ee SNE ues ane tT a oh Seb Univ. of Maryland 
ERR OSE etal) ey tlle Bees een IRE eh ed eae aN coe narEY rere Ne eS THE ah Chicago, Ill. 
Rose; Anton iResstt woke et Prudential Life Insurance Co., Newark, N. J. 
KE RHO VD sreyras Syeuea Is LZ ee ee cee cee essences aeawaranctansescesesenetsaSotes Columbia Univ. 
ios Gym Wi wlltarme Crescehates sockets centers eee caster SS ANAS AE SN Univ. of Illinois 


RUGS ST OW, Has Ce ee ascetic sco cuacemnapassse shee euros saben Mayo Foundation 
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Rosenthal, Wuazaret- tn aees ee oe Israel-Zioti Hospital, Brooklyn, N. Y. 
Ross, Victor Letts Department of Health, N. Y. City 
RobhviGeonge xB ae 00s soc es eee ee eee George Washington Univ. 
Ds Conhinad ed cpit One CRs e St eee meted eae nee See Sa ASU Eo Rockefeller Institute 
Rowntree, L. G .....-----Philadelphia Institute for Medical Research 
Risse lle Wii eee 2 ie baa ee oe eee N. J. Agr. Exp. Station 
UNIT, PMO PEM Ces ERs aie Baie Ss ah hots eek ck Le elt eee Rockefeller Institute 
Salnynuunl -Mislv ile: es yee ee he eae erect Detroit, Mich. 
Roleearatbs 2 WW Die ri 2S we eee re N. Y. City 
Sale, Ae. Fock een asc bese mire A Se ie te Univ. of California 
Salvesen, IHiarold! vA ts 2ihe Serena eet eaeiese Rikshospitalet, Oslo, Norway 
Semmes ty ieee rene we eae ea Univ. of S. California, Los Angeles 
arid berry VS cer hss eae eras ieee eae, Montefiore Hospital, N. Y. City 
peje om os Pap! Cel @ WADE Ula hae alae tae erm ete eee nas Mayo Clinic 
Saris ain. VV) tee Nc Meee tere auanacla aes Santa Barbara Cottage Hospital, Calif. 
Saslow; George: 0003 oe Mss beep ea UNS ce dee ee aue Meee te N. Y. Univ 
Sawyer, W. A.............. uso escent Fah eee ge Cl Ee Rockefeller Foundation 
RCemT ORL, EUs) te asec ee ke Sp cee Sateen Univ. of Minnesota 
Sechelt, Gearon tr 6 2) hese ieee uae epee ree Hygienic Inst., Pécs, Hungary 
ESIC SWC) ced BY EST esa ech ie ae eee Mt. Sinai Hospital, N. Y. City 
Schies mers Mies is is mes does seste etl Ro elas Beth Israel Hospital, Boston 
Sebloss; ‘Osear iM 26 65 ONC Ay eagle sarbav eusUrtemea Cornell Univ. Medical Coll. 
SCH TE 25 AB Wrote sce eee iia eek ean ao eee en ee Univ. of Chicago 
chm dar] es Rae eilae ls Tees ele ee al See betes eote Univ. of Pennsylvania 


Schmidt, Carl L. A Univ. of California 


Schmitt, Francis O oe Ne das ohne ale Washington Univ. . 


Schneider, ‘Modiward? Osy30 sk es a eee le ee Wesleyan Univ. 
clare. EEE SW sees ea ah eae ee ee ea Stanford Univ. 
re lu 29 OP ROL Ec ree Memeo seteis ee gene tot St. Francis Hospital, Evanston, Ill. 
Ske] eu bullie sf sed & Pad Ahda SAN otNon penrereenon se suerte ecmeneerer ry lara cutee St Wenge a) Univ. of Maryland 
Soh wartz, ben yamine iste ee ee See U.S. Dept. of Agriculture 
Schwind, J. L HER AeREI tna CLEA PALA OTe Fee Paneer Sey SM TALES Albany Med. 
Scott, Hse ae ii velo Columbia Univ. 
RCO GRATE eh coe tah Le OLN AS aa oe es Univ. of Minnesota 
Scotts Giomd on VE) 22 oN ese aN os led a eee nae Washington Univ. - 
Scott, pe Univ. of Rochester 
Sieott, Weomard! +O. 28 0s eb ashes ie alee eae eae aeeeescase in Tulane Univ. 
Sicotit Teer Wie eS late ee aie ence dies ~ Western Reserve Univ. 


Sears, Hessen et cosediadees cect eal rset alee teed i 8 Uniy. of Oregon 
Seecof, David P dy Jewish Gen. Hospital, Montreal 
Seegal, Beatrice C.......2.2.--2:-:00++ Coll. of Physicians and Surgeons, N. Y. City 
Severe es ies sos 2 vias otal SAN nics caren merase SOLE Univ. of Wisconsin 
Seibert, Wlorenice Bxei as. nee ece Henry Phipps Institute, Philadelphia 
Severinghaus, A. E...............------ Coll. of Physicians and Surgeons, N. Y. City 
Sevringhaus, Elmer L Univ. of Wisconsin 


Shia thers Puan yA tees i les Se Aca tae ae Washington Univ. 
Shaklee, A. O St. Louis Univ. 
Shan mony AN. eee ace a nthe eae eee teen tele tea N. Y. Univ. Med. 


Sharlit Wilermian wee tt lie a kvcns- og ietnenaaeer Roosevelt Hospital, N. Y. City 


a a 
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pO DOUE WS] O95 BEC LE Esa donee Ae NET eee ARH Nc eee Cornell Univ. 
DGS rel lites testes ea vars ae eateh ck cap dass bn Ses ncectiacctpeenpeoe eecetem Saeva? od Harvard Med. 
Diteamiden Gherestet eee ese eee Oe crv estes et aaah cc cate Mayo Clinic 
MMIII ed nuked te eal e ote ea hat ee eat AU ROM Seagate, ees see tected acide Chicago Med. 
pis uate MO pod ee pen laa ee ae on see LN Jewish Hospital, N. Y. City 
Pere 1 apt Dt G3 Se NA a eens een ene oe EN Columbia Univ. 
DSH cis covey i za yap Daa ican aeons Bureau of Science, Manila, P. I. 
Reslsieunvettshal, Sense: 3) I Keg aleeete ada etl eners able aac oa teh ano ASR unN gate Cornell Univ. 
(Se remy mn Cositall Prevent foc ezces thee encevaccnane states ras sh vsueeeranear eee RNS Fordham Univ. 
hha blevgn Croralldiy Sse escce cca otra eer a Lakeside Hospital, Cleveland 
Rodi ato C0 a oe ee aN ease rae eee Navy Yard, Washington, D. C. 
Shiple, George J Univ. of Detroit 
SMO AN Tne Dae os ester once he aoe heresies aie sap ect seoawcce secsbesesat ere eee Ee Boston, Mass 
Shope hua ise Asus aos tiact Rockefeller Inst., Princeton, N. J. 
Sot Hee ete, 2 ere eee Coll. of Physicians and Surgeons, N. Y. City 
MOMWAr bz, GEOL. .cc-sncsc-ceen so secre atecesenseceeaes Mt. Sinai Hospital, N. Y. City 
Hevea} lg @uclarh tol & Ui elke cae, tae nee Ah ideas eee aneaeis Pees Peiping Union Medical Coll. 
Sickles), Garace Mh eee oid aencs neath encase Uaaiccncce tan N. Y. State Dept. of Health 
Sully ermine Dea Nisa estes a acer user ca mre ge cea eee ea tan Tulane Univ. 
Simmons, Major James: Sis oe Army Med., Washington, D. C. 
We aKap aX Ets eg dl cia hes oP el el ee Peer er aba Day Ma Rado Northwestern Univ. 
PG ese Veira canta, Aeeee, Seabees eae ters reas acel seen Univ. of Rochester 

nap lch Noga Wal cegaets gens irs OE rete ute 7 aE Columbia University 

SPE Oe ese ee Pe lS DO A A Columbia Univ. 

DS MUL ppA ME Uae aL eevee see se cae esas cvedesct cs tasopee se beceboc essen cn sbanccsteeastbann ean tuieatias Yale Univ. 
PELAsHgN be ACzzn ed 1A Reereae mined Pet 14 Pe Ns Rates te tes Saas ere Br Cornell Medical Coll. 
Smatbh; re Clianen cet mute. Hiv. catetensetethetceseccsteteacenstncesavscasteecrsibraget aan Bergenfield, N. J. 
PePCOUICD OR} SUp atta 2) 25's ep ee aay get bea ERAT aN ep ge es Rey Oneirf oneness rt nar Iowa State Coll. 
Simin dis Macs eis ets a aah el ean trae atl dae Ne Univ. of Iowa 
Smo, WGeonrwe Vale ee Hospital for Women, Brookline, Mass. 
Sroith wba yb a tee ee ee ee ue ee State Univ. of Iowa 
fohoabhisels, 1B Vos sotewcen Wise sine Hesrer laine ney eth genet Lia ae ame N. Y. Univ. Medical Coll. 
mit hyala wrencel Wisse cete etree PS cle ere Temple Univ., Philadelphia 
SHeeN se DY GIDE ea Neue Deed pe pores ta eal NI NC enna neL Aber ee ere area Boston, Mass. 
POTS age MUL Pye ys ete ees eh ARB Ruel Sob. URLS P REE Sad Ue es Columbia Univ. 
Fuctir ile ayotrsty (1 ROS M OPM eed ee Le eu 8t a le naa cdl a eae een aa Oe ee Rockefeller Institute 
Surglivapeiwelocelyans. 2 aso el ses Shantung Christian Univ., China 
Dyy ders hiram Klara Hy a 0 ee eich Yohns Hopkins Univ. 
Scot bes lel ee Teeee aerate fo hsa eA iu eat Mt. Sinai Hospital, N. Y. City 
Dolla Lota dieses wees cosas ee deceeaahoe, un ose a) Western Reserve Univ. 
Sommner blenny ences ss se ok oO eee ee, Univ. of California 
Somogryiy Michiel teeeeeencte tects Jewish Hospital, St. Louis, Mo. 
Soskiny Same lies eee ee ewrio. ee sta Mae Michael Reese Hospital, Chicago 
HS ropa CPI eed Li ese mu OL eka gs get sk ae Shear aR a ee Univ. of Michigan 
Siperriya) Wiemmenn esc r eee tien yscueteecstceecssan ct ueseaevathes Babies Hospital, N. Y. City 
Grower els tri stieescsise. caer ed eens Do ee cd Temple Univ. 
Specie ACO ite VLG Tia) acetate sect C ecteetace norte ater eaense ees Temple Univ. 
Roy optcr stall Miata Bee ihe Be amec leroy Spee er ores CEN et ere Western Reserve Univ. 
py eveatctlCoyeyi 0 Wiel bias eet cee ee eee riers Unter ase Univ. of California, Los Angeles 


psy ope 06), OTS lire ea yey Ae ence nee es rere oe Duke Hospital, No. Carolina 
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Silas yah WV aise re tee eee *2.Cornell Univ. Medical Coll. 
Starke 'Clitiomde Nis ee Be 0) 0 ae eae a nececiees em Ren Cornell Univ. 
Stark, Mary B Homeopathic Medical Coll., N. Y. City 
banker -shavloes ents sete cee eet Agri. Exp. Station, New Brunswick, N. J. 
barr, Vie Dee serine ei iailss Nea ee a Northwestern Uniy. Med. 
StemberatmBemnbarde soo 055 aep csr een Toledo Hospital, Toledo, Ohio 
Stein dller; tAtea seer teh terete ee NN, Tae Caen ae State Univ. of Iowa 
PSY721:¢0] Mier attr: Qa 2 ton cap tne ne ae PON Reaver Cea ek Fordham Univ. 


Stenstrom, Wilhelm Univ. of Minnesota 


Sfowart,| elamola ssf ee haces ote eee te sctecoent cence eee ess New York Hospital 
Dies, Perey Gia oe sch Fak eae le aes Soetoro eee ea Harvard Univ. 
Sills Rugene Ueto eset cecal cee Univ. of Chicago 
bilinear tell pln Gh ee ona re ke i ee Cornell Univ. 
bei Waris Dia Atos Satieeee, ame ceeds cee sec eee aaa ae Army Med 
Stockard, 7 Charleg- hin wec. ata ee oes Vee ce bee Cornell Univ. Med. 
SHOX ON ye Wis eat eM aa ae le NPG iB er RADE BE Stanford Univ. Med. 
Stone, Calvin P Stanford Univ. 
Stones Leos Ore eee ee ee AE cece erence eee sean acssth a cesae eae eee Yale Univ. 
Bilore ying tora NC ee a ee catia ia oe ee Stanford Univ. 
Sb WV ay att aaa ra Se eect, er ee mee Univ. of Wisconsin 
POL ty Fey asTCClE cs 0 lal Bgl aa tueeeona Ushet Minarn absentee lgUN ote clr Avante Harvard Univ. 
Strouse, Solomon Northwestern Univ. 
poi) 2 he a Cpe Rea YR DAEE eck ae BO re eG RUE rece Na tae ea nae hy eats. Brown Univ. 
Rat i clea Re Caray Joa be eur 3 Sela a Pena tre neta eta U Ree Ae Ny ot RS Georgetown Univ. 
Stunkard-whlorace Wises ee eee ane ee, Nee eee New York Univ. 
Sbnreis OC a ere eee ene ee Simpson Memorial Inst., Ann Arbor, Mich. 
USUI A sy Wa NOUN ASU cer ese eee eee Memorial Hospital, N. Y. City 
RONDO Einfsi stn Bee GU gy le tert Neen se enemies ee as an ee CAC Rey Fadl Ca at aa Georgetown Univ. 
Sullisvainsy Whaler looses Cin aerate is nie cr ei aerate es Univ. of Wisconsin 
Sumner) SEN eae see ekg ee Scripps Institution, La Jolla, Calif. 
SUT rs el TVS BS Seek EN Ne a ere ee em Cornell Univ. 
Sundstroem, Edward S Univ. of California 
FoRbbes) Ul Sei GY [i gee oe oes enema ate Neat oP es ey Univ. of Arkansas 
RU WELIRS OTA mV ISON Wiech coast ots ees esi oe cea ANSE eeeh st oma’ Univ. of Chicago 
wea ype etsy Crees Mia car les eae ale acre ee ate Nee oe Sane Univ. of Chicago 
Sweet, J. Edwin : Cornell Univ. Medical Coll. 
Swetta WinsaCis 70ers ae oe SU ope cae ol eee Tent et eee nee SO Duke Univ. 
pe Ay Swe ahs 1 NR See Micpe serosa Nepee cated Oo Ratoen See pray er aeons ral. Rockefeller Institute 
Syndr Hie tsa es erate UIE coro ee eee Marquette Univ. Med 
Siwarrig less Wie Vyas gs ae os Ba ee ee eee Princeton Univ. 
"[ainter, ILI g (CfeapN UO peerees cepa Ree ee eee Per or Soe wea eM TE? Stanford Univ. 


Tanner, Fred W. Univ. of Illinois 


ME¥e) aHtiezo}” SS VONB LOY a eer eee aap Mego A Soa ac A eee Uniy. of Cincinnati 
ST sastreanira es) Tiss Nea a te era ie ek at Univ. of Wisconsin 
TMaruloe mse Ee rnmiyr oo -oiees Mo sce ce vere eee Unies nears N. Y. Homeopathic Medical Coll. 
Ten-Broeck, Carl Rockefeller Inst., Princeton, N. J. 
Dh eal bation ress WW Le ne esl Ngee eee cee N. Y. City 

Pee asi reread St. Louis Univ. 


Univ. of S. California 
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sBhomias, WAG hu WV eee eee ant eet ee ee ee ee Columbia Univ. 
HabOMias yi ees Ki ete eee tetas a rene God eee Jefferson Medical Coll. 
PPO MIS aM ire eee Vacs tsae ny Physiologisch-Chemisches Institut, Leipzig 
eBhomaste Walter ists cate te: csece soe aa de Clifton Springs, N. Y. 
EDOM PSO Merl Ler Cla) eeeete aden ee cents dene eee tee eA Rush Medical Coll. 
HMhomalld sens Cre Hieesews ee te NG easier ag N. Y. Homeopathic Med. 
eno see Weill eae C pereese ete te ra aes he aaa Cornell Univ. Medical Coll. 
isda hire demic keh eee oe, Va ae See eg el oC ae Univ. of Toronto 
AHGfoKOh, ALA AAW a tegen Way fe AcalE Seniesa reps seyree ane Western Reserve Univ. 
Moletoiw hi dwar diesen omen Won tials le Mente die be aia) He 0 N. Y. City 
TOG ING Yair lee N pete aaa en ate et at Western Reserve Univ. 
ese aSe tov oeucrthrepte bet eat Usp daca haau en cee stiet eee, Stanford Univ. 

Cornell Univ. Medical Coll. 

EN esas ieee AeA cee seas nook Saunton oe Western Reserve Univ. 

SR rea gc PA Pop Ua id ee a State Univ. of Iowa 

prt EA PASE DAM Renee ORR OE cou in aN Oe Sal A ane La. State Univ. 

sen seb sara ls se tee tow ed ears ont Epidemic Prevention Bureau, Peiping 
POUNCE EC ULC ne = ee tee ener dence toeseacteee sc secn tosses McCormick Institute, Chicago 
EUiraorsm eres ea eal 3! Waray etek hap, es LN Univ. of Missouri 
Rorner,) Kenneth Bowne soe false vee ete Presbyterian Hospital, N. Y. City 
Miarmrre ran ltoberbs Chteesie cee or yen es mee S ester et aell akd Detroit Coll. of Medicine 
AUTEN ET EVO ye Elsen selon MN te kes ah ye ek wee en an LL Ee oe Tulane Univ. 
BUDE LG tc Vice WW tees carte See onie>, Sates Foster tic o Pivaus tins tea ehaatg State Univ. of Iowa 
PIS CEL Yam VV ste Lucene eter ha eee ciees cml arena es tebe ea Ach eee Loyola Univ. Med. 
LU blenhuth, Deo yf SCO At eta fe alee nae aa a Univ. of Maryland 
AU Elgar canes teas cre ee ace aes on ae Al cee vccepe tree eens te Univ. of Calif. 

Van cD iy Kees Wd Wye eee eae ees Mee et ss tne naadey Peiping Union Medical Coll. 
Weaw ala Dat ery Ogee Reaeetet eee kee oor eee eases feaattt Crea tot clean Univ. of W. Virginia 

Fie SOLE ee nates van a ig ee reac Rockefeller Institute 

Univ. of Pennsylvania 

WVignromes me S bu eatte Wipseateces ee bce reeee seme cet er Buffalo General Hospital 
Waevier neers Wayland acs2 ocd gocesat asco nceaye cee ea Seripps Institution, California 
AYO ee 18 Ey ae a ee oe ye ee Par Conn, Agr. Exp. Station 
WWatclommOsepie: so. ice tre hatte Coll. of Physicians and Surgeons 
AV SBU Me Teme) em even see LG, Seraeee norte ace ey eendeeal Nour Western Reserve Univ. 
NYsisfol evens” 104 Usa nis ee) 1 & etme anAnae pe G ein ne Nip anne a Univ. of Illinois Med. 
Wroeo thinks Carlee umes, Nat’l Institute of Health, Washington, D. C. 
soya" Sepa lighy te 2k, a eae ean Sins nearer St. Luke’s Hospital, N. Y. City 
Nosed S Ree cele a SUH ok 1D ices ce re ar eee seeder case Aceie La. State Univ. Medical Center 
Kaya YEH) mb eV E65 den Wy tA sheep ae etn ea Rune ee ee Ne Wilmington, Del. 
Wadsworth, PATI PUSH LIS Oy eee ene to eee eee N. Y. State Dept. of Health 
AV eu bcoore lari tt) eae Dh ruse ence tere tree sev oe eres eR aD pecs Univ. of Louisville 
SW Sm er Ops arse scerertntentaenoeesew ee tock is caosazeentensns N. J. State Agr. Exp. Station 
BV ceil 7 eo CrtAN Nfeses =< cece eno ntact ee SEES 8 Perens aoccesep occa Northwestern Univ. 
IVY cau nic onrses aD inpaieeee te ee es iain Ried tee face ne PAL erecta cece ce Univ. of California 
NAWEAMU yoyehan (C relates nd Beas ore ereeeeer rr bea very eabecee a teeereeoeecer a N. Y. Univ. Medical Coll. 


ANVGuNbH ay Teh De aeekee GS peer ae rece eter recoretee ee a ec cberebere ree Univ. of Colorado 
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Wralton Robert Pree er ere ei ere eee ane Benton aier mat Tulane Univ. 
Wralzer,sMattherwyetecte. is eo ees eae Yes oeasece, Brooklyn Jewish Hospital 
Wang: ChiiCheia. Ue ee ee iS eee Children’s Hospital, Cincinnati 
Wrancensteensa Owens 202 es ie No ay deerme eeeeeeee tense Univ. of Minnesota 
Warren, 2S Velds yee. ft oo eee ee ee a eee 3 Be Harvard Med. 
Wiasteneys, Mil wesc 2.00 Tact ks Pee pe aya h se dome Rpg esse Univ. of Toronto 
Wearnicidn jibe tentes, Lakeside Hospital, Cleveland, Ohio 
Wreber Clarence ili 0U se ey oe errata ee, Univ. of Kansas Med. 
A Us) o Sir ev opel ote PUEl ey eheeala dad inate Ulan eels eee esc uneioraa ara ir Cornell Univ. Medical Coll. 
Wisbster= a) ky: eet sa ee evel enero ahah Presbyterian Hospital, N. Y. City 
Wrebstersibiesltes Rees sai es ei bt pune de dearer naar Rockefeller Institute 
TWiedidiie Acide dais 2a Sears eae ces eae Clifton Springs Sanitarium 
INFO Cs GALS EAL Satake Sree eon ae eats Coll. Physicians and Surgeons 
WVoule. SAststilnttrar eee ae a ae hake oe ren coe ee tees areca ne Northwestern Univ. 
Wiersko then: ema): Gis glee aoe sneer eee el re Syracuse Univ. 
Weiss Charloss coe ie ii accien cee Mt. Zion Hospital, San Francisco 
ANUBEISISE? Vi eh baat seep mets Sato Au eA Haat lO) a aebaba Recaro ster ateal te Univ. of Illinois Med. 
IYVGLSS NMG rary wl ROC eh eg retcct Nee RES coca sess Soke Catone oe oe ane eeet Columbia Univ. 
BV COUSS; AE UTI A a ce ie 2S ee ee eee SOE eae Univ. of Chicago 


Boston City Hospital 
Bets acre nena risbhes, 2 Columbia Univ. 
Univ. of Illinois Medical Coll. 
Peiping Union Medica] Coll. 


Weiss, Soma 


SOAR RIE PEER EA SUE 7 ENE A A OE ae Pee Washington Univ. Med. 
Wrerkman)'@hester Jali. cie ca atesetera ou teresa cee een Iie lowa State Coll. 
Wrest: sRediwad |S see a) cere oe aera coe ete Univ. of Oregon Med. 
Woest, Randolyolii:. bei ah ee ue wi aaa Presbyterian Hospital, N. Y. City 
Wietzel Norman Oot ete wii eck tee ee cares ueaeeeEeg Western Reserve Univ. 
WWoewrao ahs ch rea 1 kf Wicstiae nce race es eens oe aneeey ad oe eee Stanford Univ. 
Wihteeler, Mary Witten eee iin aa seepney teeseae N. Y. State Dept. of Health 
Wid leer ey Tis eee 5 ie eau ee eee en Sore Ree Univ. of Rochester 
INV bnitian ec resee Masi ec ve airs etiam ear keer rer tena ee sees Stanford Univ. 
WW ihitey ee barer hi stin (20 aN ee ea eee crea ee TU aA ene Yale Univ. 
Ae SEE 5 Dy ue ee lt VM La ee Rn De ml eS Nx ...-Washington Univ. 
Wiblen © harmless: Ny settee ee Wee ec ne eee ne ee Univ. of Nebraska 
Wiebe: ASE s eos: TAREE ERE SARS NER ANN ers w iY Rea, Age Lhd Huntsville, Texas 
Wiggers, Carl J........ bs Western Reserve Univ. 
Weare Viren se cosas oe oe SE dos eae ee Creighton Univ. Med. 
Williamswibloratio Biss a sue ees, sure teem entre erect uc Columbia Univ. 
IS IPUD UTE cake) Jee] & REA eeen are il ad Rega eet Highland Hospital, Rochester, N. Y. 
TWinES eancrass< edo bina Wie once a suet tenons) eel Massachusetts Institute of Technology 
Williams. Robert. Rise. bli trae eae etek Western Electric Company 
Pi AnUbvss era BXevaly keh aii Yh a ele pean Nene et a cs mere Magne Me pigurala ee! Univ. of Rochester 
Wallies Ebenitiy 2S. cues mieten eae Maybury Sanitarium, Northville, Mich. 
Weslo nas) Se VV aren Tice ioe eva Se ol ene ret eae a Univ. of Pennsylvania 
Woatlso.ntse Wire malc N) 28s os cccetete a oech cs seek ier ease Sete naan Univ. of Michigan 
Wilson, James R a ees Syracuse, N. Y. 
IWasnslowe. CSB) ocAn gt io, a aes ore Seiad Seal carte mech eee 2 oe Yale Univ. 
Mantermitg.viMaliton’ (Op feces 2) esas nee eee seh eaedn en pean rere Yale Univ. 


Wiser ait Bx, Tec Get oe en na cee a ag eee a Ohio State Univ. 
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AVY lite Doss kay ali eae Save ateeen siete ar ae oee Ceedteeuaeneen cs Beth Israel Hospital, N. Y. City 
SWVC ait tran ee Rover koe ree meee oe Vacate fs cal ele o State Univ. of Iowa 
WAL ETNA TAIN GAT I eres tec ene ce Tanto te ses ats hs eR earache cet. Univ. of Wisconsin 
Wo going Wietblet wesntan nese ie BU ne eee te ee elo Columbia Uniy. 
NWS OEYeiaIS) SI BP hehe 32a ts pata Sle tar Seen cee eee a a Harvard Univ. 
Wi libesiye isi Ais cope en ec haastr le  i e A le eA Vanderbilt Univ. 
Wood sribranicts i ee cree meted eh ait) alee ee he ea 1 Columbia Unity. 
UAUG EATS rT Seg O21 bs, Set ANN ee aD Rec REN OO CE Yale Univ 
MWariehipe El airolclapN eee Soe he I aol Ue eek Univ. of Minnesota 
AUS eaK das ey V2 Nee em a ett eae Cornell Univ. Medical Coll. 
sili ELSienimeeeine seals eee ee Peiping Union Medical Coll., China 
VV ctl aertism EV Ose bind (yee weee nett tee ee ee Ratna necks 5, aL cen Oregon State Coll. 
BYVAY CKO Litem oan Wie Ch ocdec teres ely! tase Moe me Ua a eee MAS ay, Rockefeller Institute 
‘¥Y atsu, ENLOLICE Tere eare eons seem ier slay ah Zoological Institute, Tokyo, Japan 
URONIC AOC Nie) ei hese A oe erat pene 40d nie Wee cae neha eh teach Towa State Coll. 
RVIEMICOS EVO GLU: WV ivewar, ture mien ne eee Ue euiae Uae Pie ea te ga ae Yale Univ. 
otlan dwar ara Hy Sires owcstee est. seee setae N. Y. Homeopathic Medical Coll. 
Dart otecol ORe (Oa wate aie er ala Mane ecueenietenanere a tek tee Aton eerste Dept. of Health, Mich. 
omnes Walia Agee-ce sess A eae ae Univ. of California, Los Angeles 
SYS Md Ue CLT Vasile eon: eeeaead Seer oe erase estab eR Univ. of Buffalo Med. 
para cl stan Ars bie Tree VA eee acer eee tects ete eG wit na Dee eM eae Yale Univ. 
(Shea TEES re 6 9: beats ob Ore et aie RU Coe ell EM Penta Indianapolis City Hospital 
VEE SRO Ve Bg sie sti a ea aa Oe DEE aE Peiping Union Medical Coll. 

ana ners sin alder ray. Mesa eee Mau = SES ye ee Yale Univ. 
PORTIS SET eed et Mca eee trey eae Maan ees) Su) te esate i tee teas, a Harvard Uniy. 
LO Bell nC aude Hives sete cscshene reat cess Scripps Institution, La Jolla, Calif. 
LEO TENS OSC meee ne Ne ire ee ren Rees rae ask i Tea Cue pee ae Gladwyne, Pa. 


TALC RET ee UC CORO SN ere as an einer rea Aled, oes ri comet ace sn ataaeseaal Columbia Uniy. 


